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Summary

The U.S. Environmental Protection Agency’s (EPA) Integrated Risk Information System
(IRIS) program develops human health assessments that focus on hazard identification and dose-
response analyses for chemicals in the environment. The assessments are highly important as
they are routinely used to inform risk assessments and risk management decisions across the
agency. In addition, they are used by federal, state, local, and tribal agencies, as well as
community organizations and agencies in other countries, to inform decisions concerning health
risk assessment and management.

Over the years, questions had been raised about the scientific basis of toxicity values
reported in some IRIS assessments and the extensive amount of time taken to complete
assessments. The 2014 report of the National Academies of Sciences, Engineering, and Medicine
entitled Review of EPA’s Integrated Risk Information System (IRIS) Process recommended that
EPA develop a single handbook to provide detailed guidance for all those involved in developing
IRIS assessments. The ORD Staff Handbook for Developing IRIS Assessments (the handbook)
provides guidance to scientists who perform the IRIS assessments in order to foster consistency
in the assessments and enhance transparency about the IRIS assessment process. It also provides
an opportunity for stakeholder communities to become aware of the processes and policies
guiding those who are drafting IRIS assessments. The handbook describes the tasks involved in
carrying out the sequential stages in preparing an IRIS draft assessment (see Box S-1).

EPA requested that the National Academies conduct a review of the 2020 version of the
handbook. In response, the Committee to Review EPA’s IRIS Assessment Handbook has been
convened to review the procedures and considerations for operationalizing the principles of
systematic reviews and the methods described in the handbook for determining the scope of the
IRIS assessments, evidence integration, extrapolation techniques, dose-response analyses, and
characterization of uncertainties.

GENERAL COMMENTS ON THE HANDBOOK

The committee found that the handbook reflects the significant improvements that EPA
has made in its IRIS assessment process. For instance, the handbook describes the inclusion of
sophisticated, state-of-the-art methods that use systematic evidence maps to summarize literature
characteristics for scoping and systematic review methods for hazard identification. Moreover,
the IRIS program is clearly helping to advance the science of systematic review, as applied to
hazard identification. EPA staff are actively involved in the ongoing development of methods,
such as study evaluation and handling of mechanistic data. The committee recognizes that EPA
faces challenges in implementing many of the methods for the IRIS assessment process and is
impressed and encouraged by the progress that the IRIS program has made to date. The methods
for developing IRIS assessments can serve as a model for other EPA programs that are
implementing systematic review methods.

Prepublication Copy 1
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A Review of U.S. EPA’s ORD Staff Handbook for Developing IRIS Assessments: 2020 Version

BOX S-1 Stages in the Development of IRIS Assessments Listed in the Handbook
Scoping to define the parameters of the assessment.
Problem formulation: Preliminary literature survey. Describe health effects of potential interest and key science
issues including predefined mechanistic analyses. Develop an assessment plan containing draft population,

exposure, comparator, outcome (PECO) criteria.

Systematic review protocol: Describe systematic review procedures for PECO criteria, literature identification,
study evaluation, and data extraction/display.

Literature search and screening: Identify health effect studies and other informative studies relevant to
evaluating potential health effects.

Literature inventory of human, animal, and mechanistic studies.
Refined evaluation plan: Prioritize and define endpoint groupings, refine PECO.

Study evaluation: Evaluate health effect studies for risk of bias and insensitivity; evaluate physiologically based
pharmacokinetic modeling and simulation models and other information as needed.

Organize hazard review: Presentation decisions (i.e., tables and graphs). Organize and prioritize relevant
mechanistic information.

Data extraction and display: Human and animal health effect studies.

Synthesis
e Human studies
e Animal studies
e Mechanistic information (data extraction, display, analysis, and synthesis)

Integration
e Summarize the strength of cach evidence stream as part of the evidence integration narrative
¢ Overall evidence integration across evidence streams (hazard identification, including review of
susceptibility)

Hazard consideration and study selection for deriving toxicity values.

Derive toxicity values: Cancer and/or noncancer.

However, the committee found that the handbook does not consistently convey the
strengths and advances in methodology for the IRIS assessment process in an even and clear
manner. Thus, the committee offers recommendations aimed at ensuring the handbook meets its
objectives of providing transparency about the IRIS assessment process and providing
operational instructions for those conducting the assessments. This summary provides the
committee’s highest priority recommendations that it believes are critical for improving the
scientific rigor and clarity of the handbook. Other lower priority suggestions can be found in the
conclusions of individual chapters of this report.

2 Prepublication Copy
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Summary

OVERVIEW OF ORGANIZATION AND CONTENT OF THE HANDBOOK

The overall organization and presentation of the handbook are in need of improvement.
For example, there are multiple places in the handbook where the roles of mechanistic and
toxicokinetic (TK)' data are described, but they are not entirely consistent. Similarly, multiple
places in the handbook describe how the evidence base for susceptible populations should be
handled. However, the definition of what constitutes evidence of susceptibility and the types of
data that may inform such susceptibility are not defined in one place. In addition, the handbook
chapter on selection of studies for toxicity value determination does not directly follow on from
the earlier handbook chapters. As described, hazard evaluation and toxicity value determination
appear to be disconnected processes.

Recommendation 2.1: EPA should engage a professional editor with specific expertise
in developing handbook-like materials to assist with the handbook revision. The editor
should enhance the transparency and ease of use of the handbook by focusing the
material on the concepts, definitions, and instructions needed to complete the main steps
in the IRIS assessment process; eliminating unnecessary repetition among the chapters;
and ensuring that terminology is used consistently across chapters.

The handbook uses some of its terminology in an inconsistent manner, a substantive
issue. For instance, definitions for key terms such as “scoping” and “sensitivity” are currently
scattered across different chapters of the handbook. In other cases, the handbook assigns
unconventional definitions to terms used for designating various IRIS-specific processes and
products in the area of evidence synthesis.

Recommendation 2.2: EPA should add a glossary to the handbook for defining key
terms. Single definitions should be provided for concepts, and the definitions should be
applied consistently throughout the handbook.

Recommendation 2.3: The handbook should use terminology in a manner that is
consistent with existing, accepted definitions in related fields. When alternative
definitions are used for the IRIS assessment process, the handbook should provide
explicit justification.

The handbook does not clearly indicate where systematic review methods are used in the
major steps of the IRIS assessment process and where they are not used.

Recommendation 2.4: When systematic review methods are being used for parts of the
IRIS assessment process, this should be stated and the relevant methodological literature
should be referenced.

! In this report, toxicokinetics refers to the absorption, distribution, metabolism, and excretion
processes also called ADME or pharmacokinetics. However, consistent with the handbook, models are
described as pharmacokinetic or physiologically based pharmacokinetic models rather than toxicokinetic
models.

Prepublication Copy 3
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A Review of U.S. EPA’s ORD Staff Handbook for Developing IRIS Assessments: 2020 Version

The handbook does not adequately describe the overall process or flow for developing
IRIS assessments and the iterative nature of some of the steps in the process.

Recommendation 2.5: EPA should create new graphical and tabular depictions of the
IRIS assessment process as it is currently practiced, and should not feel constrained to
mirror the process depicted by the 2014 National Academies report Review of EPA’s
Integrated Risk Information System (IRIS) Process or any other report (including this
one). A professional editor could be of assistance here.

The handbook includes very detailed information on some methods that may undergo
rapid development (e.g., data extraction). On the other hand, the handbook lacks specific
examples from relevant IRIS assessments and examples of software used by EPA, such as the
Health Assessment Workspace Collaborative (HAWC), that are needed to fully understand the
IRIS program’s methods.

Recommendation 2.6: The handbook should incorporate more examples from relevant
IRIS assessments and examples of software used by EPA, such as HAWC. EPA could
provide them as supplementary material or links to other content.

Funding bias refers to an association between study funding sources and financial ties of
investigators with research outcomes that are favorable for the sponsors. Publication bias is the
publication or non-publication of research results based on the nature and direction of the results.
Publication bias and funding bias are mentioned sparingly in the handbook, although empirical
evidence from a variety of fields shows that funding bias and publication bias can alter effect
estimates when evidence is synthesized. Funding bias might also have an effect on the
confidence of study ratings from evidence evaluation. Tools and methods to detect and assess
these biases are available.

Recommendation 2.7: The handbook should describe how to detect and assess the effect
of funding bias on the confidence of study ratings from evidence evaluation or effect

estimates from synthesis.

Recommendation 2.8: The handbook should describe how to detect and assess the effect
of publication bias on effect estimates from synthesis.

PLANNING THE IRIS ASSESSMENT
Chapters 1 — 7 and 10 of the handbook describe processes related to planning the
development of IRIS assessments. The committee divided its critiques of the overall planning
process for IRIS assessments into three general phases: problem formulation, protocol
development, and organization of the hazard review.

Problem Formulation

The problem formulation process described in the handbook presents an important
evolution in the understanding of how to use systematic evidence maps (also called “literature
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Summary

inventories” in the handbook) to inform priority setting in toxicity assessments. The process of
developing the systematic evidence maps is in accordance with established best practices. The
problem formulation process makes suitable use of information specialists and is notable for its
comprehensive coverage of both published and grey literature resources. The systematic
evidence map is a key milestone in the IRIS process, as it incorporates information obtained
from the scoping step and initial problem formulation step and forms the foundation of all
subsequent analysis.

The committee notes that systematic evidence maps also have considerable potential
value in and of themselves as a public good by providing a publicly accessible database that
could be queried and used by any research organization to identify knowledge gaps and clusters
in toxicity research.

Recommendation 3.1: The handbook should make explicit which components of a
literature inventory database are to be made publicly available and when.

Protocol Development

The handbook lacks clarity regarding the products of the planning process, the
relationships among them, which are expected to be updated or should be registered, and how
they feed into the IRIS Assessment. In a systematic review, the protocol is a complete account of
planned methods, which should be registered prior to conduct of the review. The term
“registration,” in this context, is generally understood to mean the public release of the protocol
in a time-stamped, read-only format. The handbook lacks clarity as to exactly what documented
output of the assessment process constitutes a protocol, as the term “protocol” seems to refer to
as many as three types of documents. The scope of each of these documents is also described
ambiguously in the handbook.

Recommendation 3.5: The handbook should clarify and simplify the assessment
planning process as follows: restructure the handbook to directly reflect the order in
which each step is undertaken, unambiguously identify each of the products of the
planning process, clearly define what each product consists of, and state if and when each
product is to be made publicly available.

Recommendation 3.6: EPA should create a time-stamped, read-only, final version of
each document that details the planned methods for an IRIS assessment prior to
conducting the assessment.

The committee observes that the processes for inclusion and exclusion of studies from the
systematic reviews conducted as part of the IRIS assessments diverges from current best
practices. In conventional systematic reviews, the inclusion and exclusion of evidence, as well as
the delineation of “units of analysis” for evidence synthesis, are strictly governed by prespecified
population, exposure, comparator, outcome (PECO) statements. However, the handbook, as well
as recently released IRIS assessment planning documents (e.g., for Vanadium and Inorganic
Mercury Salts), only include broad PECO statements, along with broad health effect categories.
This approach contrasts with conventional systematic reviews, in which even within a relatively
broad health effect category (e.g., cardiovascular disease), a detailed PECO statement with

Prepublication Copy 5
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A Review of U.S. EPA’s ORD Staff Handbook for Developing IRIS Assessments: 2020 Version

specific outcomes is prespecified to be fully transparent and to minimize potential for bias via
selective inclusion of literature in a review.

Moreover, as currently described in the handbook, evidence may be excluded from
further consideration at the “refined plan” step or at the “organize hazard review” step. The
reasons for the triage of such evidence, and safeguards to ensure that the evidence is not being
used selectively, are not explained sufficiently in the handbook.

Recommendation 3.7: The IRIS assessment protocol should include refined PECO
statements for each unit of analysis defined at the levels of endpoint or health outcome.
The development of the refined PECO statements could benefit from considerations of
available mechanistic data (e.g., grouping together causally linked endpoints, separating
animal evidence by species or strain) and TK information (e.g., grouping or separating
evidence by route of exposure), and information about population susceptibility.

Organization of the Hazard Review

While there should be explicit consideration given to the organization of the hazard
review in the planning stages of the IRIS assessment, the handbook leaves this organizing
process under-specified. This is problematic given that this stage requires the highest level of
granularity in describing how evidence is to be selected, organized, and grouped prior to the data
extraction stage of an assessment. Much more clarity is needed about which elements would
more appropriately be subsumed under other (earlier) stages. Moreover, this step deviates from
best practices in conventional systematic reviews, where all outcomes are prespecified and not
subject to change after study evaluation. The handbook does not provide sufficient justification
for revisiting the design of the systematic review after study evaluation. In particular, it does not
clearly articulate what findings from the study evaluation would be sufficient to change the
analysis plan.

Recommendation 3.8: The steps of organizing the hazard review should be narrowed to
focus on new information obtained after the study evaluation stage. Organizing the
hazard review should be structured by clear criteria for triage and prioritization, and
aimed at producing transparent documentation of how and why outcomes and measures
are being organized for synthesis.

The Use of Mechanistic and Toxicokinetic Data and Key Characteristics

The roles of mechanistic and TK data in the planning process are described in multiple
places, and the descriptions are not entirely consistent. In some cases when it is appropriate and
possible to evaluate the strength of evidence of mechanistic and TK data or pharmacokinetic
(PK) models using systematic review methods, these data may warrant their own PECO (or a set
of PECO) statements. However, the handbook is not clear as to when mechanistic and TK data or
PK models may require a separate PECO statement defining a discrete unit of analysis for
systematic review, synthesis, and strength of evidence judgments.

Key characteristics (KCs) comprise the set of chemical and biological properties of
agents that cause a particular toxic outcome. Although the use of KCs to search, screen, and
organize mechanistic data is increasingly becoming accepted, the role of KCs for informing
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Summary

hazard identification has been the subject of debate. They are appropriate for use in evaluating
biological plausibility, or lack thereof. However, KCs as currently constructed tend to be
sensitive, but not necessarily specific. More research is needed into whether and how they can
be used to be more predictive of hazard.

Recommendation 3.9: The handbook should describe how the IRIS assessment plan and
IRIS assessment protocol can identify the potential roles of mechanistic and TK data,
including if they are to be units of analysis for systematic review, synthesis, and strength
of evidence judgments. At a minimum, all endpoints that may be used for toxicity values,
including so-called “precursor” endpoints that might be viewed as “mechanistic,” should
require separate PECO statements; however, application of systematic review methods to
other mechanistic endpoints, such as mutagenicity, may depend on the needs of the
assessment. The key mechanistic and TK questions should be identified to the extent
possible in the IRIS assessment plan and IRIS assessment protocol documents.

Recommendation 3.10: When available, KCs should be used to search for and organize
mechanistic data, identify data gaps, and evaluate biological plausibility. Those uses
should be reflected in the IRIS assessment plan and IRIS assessment protocol.

STUDY EVALUATION

Chapter 6 of the handbook describes approaches for evaluating individual human and
animal health effect studies, pharmacokinetic models, and an approach for mechanistic studies.
The chapter describes circumstances under which a study may be excluded from the systematic
review based on the outcome of the study evaluation. However, such exclusion is inconsistent
with recent recommendations to incorporate study evaluation ratings within the context of
evidence synthesis.

Recommendation 4.1: The handbook should not use the results of study evaluation as
eligibility criteria for the systematic review.

The handbook discusses the term “sensitivity” as the ability of a study to detect a true
association, with insensitive studies being prone to producing false negative results. The
committee finds the handbook’s definition of “sensitivity” to be ambiguous and potentially
overlapping with more established systematic review concepts of internal validity, external
validity, and statistical precision.

Recommendation 4.2: EPA should evaluate whether aspects currently captured in the
notion of “sensitivity” might be better described in the handbook with more established
terminology (e.g., precision or generalizability) or better addressed at other points of the
systematic review (e.g., risk of bias assessment or evaluation relative to PECO
statement[s]). Otherwise, the handbook should provide a more concrete definition of
“sensitivity” and a procedure for operationalizing its use in the study evaluation step.
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A Review of U.S. EPA’s ORD Staff Handbook for Developing IRIS Assessments: 2020 Version

The use of reporting quality as a distinct quality assessment item for study evaluation is
not standard for systematic reviews, and procedures for evaluating reporting quality are very
different for human epidemiological and animal toxicological studies.

Recommendation 4.3: The handbook should address the apparent difference in assessing
reporting quality between the human epidemiological studies and animal toxicological
studies by either (1) assessing reporting quality similarly in both types of studies or (2)
providing an explicit rationale for why the concepts require different assessment
procedures in different types of studies. In either case, the handbook should provide an
explicit rationale for isolating elements of reporting quality from established systematic
review concepts and evaluate whether aspects currently described as reporting quality
might be better addressed at other points of the systematic review process.

EVIDENCE SYNTHESIS

Because many of the considerations for evidence synthesis within a group of outcomes of
human or animal evidence are repeated (with slight variation) in Chapters 9 and 11 of the
handbook, the transition from the synthesis step to integration is confusing. In addition, the
procedures in Chapter 9 do not lead to a strength of evidence judgment for synthesis, which is
covered in Chapter 11.

Recommendation 5.1: The handbook should consolidate its discussion of evidence
synthesis in a single place. The discussion should include all of the considerations
involved in making strength of evidence conclusions (currently in Chapter 9), as well as
the criteria for different strength of evidence judgments (currently in Chapter 11). The
handbook chapter describing synthesis of evidence should end with the methods for
reaching strength of evidence conclusions for each unit of analysis, and how these are
carried forward to evidence integration.

The unit of analysis for evidence synthesis and the strength of evidence conclusion is
unclear, with respect to the breadth or narrowness of the evidence being synthesized. Although
the handbook states that the evaluation of strength of evidence “will preferably occur at the most
specific health outcome possible” (EPA, 2020a, p. 11-8), it is not clear how to proceed when
there is more than one unit of analysis.

Recommendation 5.2: The unit of analysis for evidence synthesis and strength of
evidence conclusions should be clearly defined as specified by the refined PECO
statements recommended in Chapter 3 of this report. For example, a unit of analysis
could be defined at the endpoint level (e.g., clinical chemistry) or outcome level (e.g.,
liver toxicity). If judgments may be made at both the endpoint and health outcome levels,
details should be provided on how these judgments and the methods used to make them
are distinct from each other.

The evidence synthesis approach outlined in the handbook appears to be a hybrid of a
guided expert judgment approach and a more structured approach (see Chapter 5 of this report).
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Recommendation 5.3: The handbook should provide justification for the initial rating
for strength of evidence, as well as more detailed operationalization of the criteria used to
upgrade or downgrade the evidence.

The handbook’s considerations of mechanistic and TK data, and PK or physiologically
based pharmacokinetic (PBPK) models outlined in evidence synthesis appear to mix in some
elements of evidence integration, particularly through the concepts of “coherence” of study
findings across different endpoints and “biological plausibility” of the findings. The result is
confusing, especially when combined with the unclear transition between Chapters 9 and 11, as
described above. The application of the term “coherence,” as described in the handbook, appears
to be more appropriate during either (1) planning of the assessment (the biological relationship
among different endpoints) or (2) evidence integration (through incorporation of mechanistic
data). Overall, the applications of the term “biological plausibility” in the handbook appear to
either (1) address considerations already covered elsewhere, such as consistency, or (2) involve
comparison with data on mechanistic changes, which may be more appropriate to incorporate
during the evidence integration step.

Recommendation 5.4: The handbook should restrict the applications of mechanistic and
TK data or PK models in evidence synthesis and strength of evidence judgments to those
relevant to each individual unit of analysis, such as addressing consistency and
indirectness of evidence. Other applications of mechanistic and TK data or PK models,
such as addressing coherence and elements of biological plausibility, could be addressed
in evidence integration, either as a separate evidence stream or as support for the human
or animal evidence streams. This recommendation should be implemented in the planning
stage and reflected in the protocol (see Recommendation 3.9).

EVIDENCE INTEGRATION

Chapter 11 of the handbook contains information on three sequential but independent
steps in a typical systematic review process: synthesizing the evidence (unit[s] of analysis within
human and animal streams), rating the confidence in the body of the evidence, and integrating
the evidence (integrating human and animal evidence and considering mechanistic evidence). As
noted above, there is overlap with handbook Chapter 9 on evidence synthesis. The terms

“synthesis,” “integration,” and “strength of the evidence” appear to be used almost
interchangeably throughout these two chapters.

Recommendation 6.1: The handbook should separate and delineate the chapters with
respect to evidence synthesis within a stream and evidence integration across data
streams (see Recommendation 5.1). Synthesis, integration, and the judgments that are
used to rate the evidence need to be clearly defined, distinct steps.

Recommendation 6.2: EPA should supplement Chapter 11 of the handbook with
additional figures and examples from IRIS assessment documents. The addition of a
terminology map (endpoint, outcome, synthesis, integration} would help define the steps
that should occur at each level and, more specitically, what data are to be synthesized and
where to expect the judgment narratives to be provided.
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Mechanistic data appear to be used to strengthen conclusions of the individual data
streams or when there is a lack of evidence in a single stream, and yet some aspects of the
handbook treat mechanistic data as their own unit of analysis for evidence synthesis.

Recommendation 6.3: The handbook should clearly define the roles of mechanistic data
and other supporting data in evidence integration and throughout the entire IRIS
assessment development process (see Recommendations 3.9, 3.10, and 5.4).

STUDY SELECTION FOR DERIVING TOXICITY VALUES
AND DERIVATION OF TOXICITY VALUES

EPA has made considerable progress in acting on the 2014 National Academies report
recommendation that the IRIS program “continue its shift toward the use of multiple studies
rather than single studies for dose-response assessment” (NRC, 2014, p.129) by developing
formal methods for combining data from multiple studies. EPA also has developed a process for
characterizing uncertainty and communicating confidence in derived toxicity values, as
recommended in the 2014 report.

Despite these improvements, the methods described in Chapter 12 of the handbook lack a
transparent discussion of considerations used to select studies. Chapter 7 of the committee’s
report provides some key questions that could be considered to clarify study selection.

Recommendation 7.1: The handbook should provide a clearer, step-by-step description
of study selection, using a framework incorporating the different steps of hazard
identification (including study evaluation, synthesis, and integration) as well as new steps
specific to toxicity value derivation. The handbook should provide a template for how
IRIS assessments are to summarize (€.g., in a table) the study selection process as applied
to each endpoint, health outcome, study, and evidence stream in order to provide
transparency as to study evaluation for toxicity value derivation, and to support selection
of overall toxicity values. It is especially important to capture study attributes for which
EPA has designated an option as “preferred” versus “less preferred.”

Chapter 13 of the handbook provides important information relating to issues and
considerations for developing points of departure (PODs) for toxicity values, but it lacks a
consistent level of detail for deriving and utilizing PODs.

Recommendation 7.2: EPA should streamline Chapter 13 of the handbook, especially
Section 13.2, to focus on the most common methods and approaches rather than detailing
less common scenarios. For instance, although use of PBPK modeling is designated as
“preferred,” it requires too much detail in this handbook to provide instructions on
development and application of such models; citing other documents is preferable. If
there is important information that is missing from existing EPA documents or from the
peer-reviewed literature, these could be provided in an appendix to avoid disrupting the
flow of the handbook. Additionally, there may be concerns over providing duplicated
information, as any future updates to the related EPA documents would require an update
to the handbook as well.
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Chapter 13 of the handbook is unclear as to the use of probabilistic approaches to replace
the traditional deterministic uncertainty factor-based approach for toxicity value derivation.

Recommendation 7.3: EPA should make it explicit in the handbook that probabilistic
approaches to derive risk-specific doses will be routinely applied where feasible,
referencing recent literature including a 2020 case study on acrolein (Blessinger et al.,
2020). EPA should also consider when and how to transition fully away from the
traditional deterministic approach to adopt risk-specific doses for its IRIS toxicity values.

CONCLUDING REMARKS

Overall, the committee concluded that the handbook reflects the significant
improvements that EPA has made in its IRIS assessment process. The methods for developing
IRIS assessments can serve as a model for other EPA programs that are implementing systematic
review methods. The committee believes that the recommendations provided in this report will
help ensure that the handbook meets its objectives of providing transparency about the IRIS
assessment process and providing operational instructions for those conducting the assessments.

Prepublication Copy 11

ED_013283_00000680-00025



1

Introduction

The U.S. Environmental Protection Agency’s (EPA) Integrated Risk Information System
(IRIS) Program is the part of the agency’s Office of Research and Development (ORD) that
develop human health assessments that focus on hazard identification and dose-response
analyses for chemicals in the environment. IRIS assessments cover cancer and noncancer
outcomes and include toxicity values (reference values and unit risks) that can be combined with
exposure estimates to develop quantitative estimates of risk. The assessments are highly
important as they are used to inform risk assessments and risk management decisions throughout
the agency, including EPA regulatory programs. The assessments are also used by federal, state
and tribal agencies as well as community organizations and agencies in other countries to inform
decisions concerning health risk assessment and management.!

Over the years, questions had been raised about the scientific basis of toxicity values
reported in some IRIS assessments and the extensive amount of time taken to complete
assessments. A 2011 report from the National Academies of Sciences, Engineering, and
Medicine that reviewed a draft IRIS assessment of formaldehyde offered recommendations for
improving the IRIS process (NRC, 2011). In 2014, the National Academies issued a report that
reviewed the IRIS program process and expanded on those recommendations. Although many
other recommendations were provided in the 2014 report, it concluded that “substantial
improvements in the IRIS process have been made, and it is clear that EPA has embraced and is
acting on the [National Academies] recommendations” (NRC, 2014, p. 9). In 2018, a National
Academies report reviewed progress toward transforming the IRIS program and concluded that
substantive progress has been made in transforming the IRIS program to date. It also found the
program to be on track toward full implementation of systematic review and transparency in
IRIS assessments (NASEM, 2018).

A major recommendation of the 2014 National Academies report was to adopt systematic
review methods throughout the IRIS assessment process, including the steps on scoping, problem
formulation, protocol development, study identification and evaluation, and evidence integration
(NRC, 2014). Systematic review is “a scientific investigation that focuses on a specific question
and uses explicit, prespecified scientific methods to identify, select, assess, and summarize the
findings of similar but separate studies. The goal of systematic review methods is to ensure that
the review is complete, unbiased, reproducible, and transparent” (IOM, 2011, p. 1).

The 2014 National Academies report recommended that EPA develop a handbook to
“provide a single detailed guidance document for all those involved in the development of IRIS
assessments” and make the IRIS process transparent to stakeholders (NRC, 2014, p. 23). The
2014 report acknowledged the challenges of having one guidance document to meet the needs of
EPA staff and consultants who conduct IRIS assessments, as well as stakeholders.

A 2021 National Academies report that reviewed EPA’s Toxic Substances Control Act
(TSCA) Risk Evaluations (NASEM, 2021) also recommended the development of a handbook

! Additional information on the IRIS program is available at https://www.epa.gov/iris.
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for EPA’s TSCA review and evidence integration methodology. TSCA risk evaluations are
conducted by EPA’s Office of Pollution Prevention and Toxics (OPPT), which is separate from
the IRIS Program. The 2021 report also recommended that OPPT review its approach and
incorporate components of the National Institute of Environmental Health Science’s Office of
Health Assessment and Translation systematic review and evidence integration method (NTP,
2019), the University of California San Francisco’s Navigation Guide (Woodruff and Sutton,
2014), and IRIS methods.

The ORD Staff Handbook for Developing IRIS Assessments (the handbook), issued in
November 2020, provides guidance to scientists who perform the IRIS assessments in order to
foster consistency in the assessments and enhance transparency about the IRIS assessment
process (EPA, 2020a; Thayer, 2021). The handbook does not supersede existing EPA guidance
and does not serve as guidance for other EPA programs. It also provides an opportunity for
stakeholder communities to become aware of the processes and policies guiding those who are
drafting IRIS assessments.

THE COMMITTEE, ITS TASK, AND ITS APPROACH

EPA requested that the National Academies conduct a review of the handbook (EPA,
2020a). In response, the Committee to Review EPA’s IRIS Assessment Handbook was convened
to evaluate the operating procedures, as described in the handbook, for hazard identification and
dose-response assessment of potential human health effects from exposure to environmental
contaminants. The committee was also asked to review the procedures and considerations for
operationalizing the principles of systematic reviews, and the methods described in the handbook
for determining the scope of the IRIS assessments (e.g., health outcomes, routes of exposure),
evidence evaluation, evidence integration, and dose-response analyses. The committee’s
verbatim statement of task is provided in Box 1-1. The committee included experts in
epidemiology, pharmacology, toxicology, statistics, environmental health, dose-response
modeling, pharmacokinetic and pharmacodynamic modeling, systematic review, and risk
assessment. (See Appendix A for biographical information on the committee.)

EPA provided the committee with a list of detailed questions to further guide the
committee’s review that, with one exception (see Chapter 6 of this report), fall within the general
outline of the statement of task. Appendix B provides brief descriptions of the organization and
content of the handbook chapters and a listing of EPA’s questions for the committee.

BOX 1-1 Statement of Task

An ad hoc committee of the National Academies of Sciences, Engineering, and Medicine will
evaluate EPA’s ORD Staftf Handbook for Developing IRIS Assessments (or IRIS Handbook). The
committee will evaluate the operating procedures for developing hazard and dose-response
assessments of potential human health effects from exposure to environmental contaminants. The
procedures and considerations for operationalizing the principles of systematic review within these
human health assessments will be evaluated. Consideration will also be given to the guidance on
determining the scope of the IRIS assessments (e.g., health outcomes, routes of exposure), evidence
integration; extrapolation techniques (e.g., physiologically based pharmacokinetic (PBPK) models),
dose-response analyses (e.g., statistical methods), and characterization of uncertainties.
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In carrying out its task, the committee held eight meetings, including information-
gathering sessions on February 11, 2021, and April 16, 2021, to hear presentations from Jonathan
Samet, Colorado School of Public Health, and Kris Thayer, EPA, respectively. The committee
also heard public comments during each meeting (see Appendix C for meeting agendas). EPA’s
presentation addressed questions from the committee regarding the handbook (Thayer, 2021). In
addition, the committee received various written materials, including EPA’s written responses to
the committee’s questions and the public comments on the handbook that were submitted to the
EPA docket.?

The committee reviewed the handbook, recognizing that the primary audience is internal
to EPA but also includes external stakeholders. It developed a list of considerations (Box 1-2) to
guide its critique of each chapter of the handbook. The list includes transparency; clarity;
organization; terminology; areas of controversy about the method; and whether the described
method was accurate, complete, and could be applied by those responsible for conducting IRIS
assessments. Not all considerations were relevant to each handbook chapter.

BOX 1-2 Considerations for Critique of Handbook Chapters
1. Given the committee’s understanding of the handbook, 1s the method (process) clearly described? Are
the objectives of the chapter clear?

2. Will following the handbook methods result in transparent, credible reviews of the evidence that are of
high watility given the remit of the IRIS program?

3. Are the described methods aimed at the correct objectives?
4. Is the terminology used in a precise, consistent manner?
5. Are the described methods likely to be implemented in a reasonably efficient manner?

6. Do the methods align with state-of-the-science/valid/reliable methods in the general field? Are they
sufficiently rigorous?

7. Are key aspects of the methods missing or interpreted incorrectly in the handbook?

8. Do any choices of methods warrant further justification? Are any EPA policy decisions that restrict the
choice of method adequately explained in the handbook?

9. Are any aspects particularly controversial (e.g., ongoing debate about which method among several
options 1s optimal)?

10. Are the steps involved in implementing a method described at an appropriately granular level?

11. Is the method description specific enough such that the method can be carried out in a repeatable,
transparent manner by a handbook user?

12. Does the method allow for some flexibility in application for a wide variety of IRIS assessments (e.g.,
variability in the types and amounts of evidence for an assessment)?

13. Are there methodological developments that EPA should be aware of, as they continue to revise the
handbook? Distinguish between methods that can be applied now and those that might be available in the
future.

2 A 90-day public comment period was associated with the release of the handbook. See Federal
Register vol. 85, No. 230, Nov 30, 2020. 76566-76567.
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The committee’s review of the handbook is independent of the 2021 TSCA review,
although the committee’s findings and recommendations could help inform OPPT’s responses to
recommendations in NASEM (2021) and harmonize EPA’s approach to hazard evaluation.

ORGANIZATION OF THE REPORT

The committee structured its report chapters according to the major steps in the IRIS
process for developing assessments. Chapter 2 focuses on an overview of the handbook’s
organization and content. Chapter 3 considers the handbook’s coverage of planning IRIS
assessments, including evidence mapping, scoping, protocol development, the refined evaluation
plan, and organization of the IRIS assessment. Chapter 4 focuses on the handbook’s treatment of
evaluation of individual studies within a data stream. Chapter 5 covers the handbook’s handling
of evidence synthesis and judgments about the strength or certainty of the synthesized evidence
within a data stream. Chapter 6 focuses on the handbook’s treatment of evidence integration
across data streams and the judgments used to describe the strength of conclusions regarding
hazard identification. Chapter 7 covers the handbook’s steps of selecting studies for toxicity
derivation and deriving toxicity values based upon dose-response analyses. Table 1-1 maps the
chapters of the committee’s report with the questions from EPA and relevant handbook chapters.

As requested by EPA (see Appendix B), the committee organized its recommendations to
indicate their relative importance during EPA’s revision of the handbook:

 Tier 1: Recommended Revisions—Highest priority recommendations the committee
believes are critical to improve the scientific rigor and/or clarity of the document.

* Tier 2: Suggestions—Recommendations that EPA should consider to strengthen the
document.

* Tier 3: Future Considerations—Topic areas that may inform future developments.

These recommendations are outside the immediate scope and/or needs of the current document
under review.
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TABLE 1-1 Mapping of Committee’s Report Chapters and EPA Questions

Relevant Handbook
Committee Report Chapter Questions from EPA“ Chapter

2. Overview of Organization and QL. Comment on the overall organization of the handbook, in particular on whether Entire Document
Content of the Handbook key aspects of the assessment process are represented.

97

3. Planning Assessments Q2. Are systematic review approaches used by the IRIS Program (outlined in Chs. 1- 1-7, 10
5) clearly described and consistent with methodologies considered to be state-of-the-
science by experts in the field?

Q4. Does the handbook clearly lay out a state-of-the-science approach for refinement
of the scope and analyses of the IRIS assessment? Are there specific areas for
improvement (recommended alternatives)?

Q5. Review and assess the handbook’s process for evaluating and integrating
mechanistic data. [Sections 2.2, 4.3.3, and 6.6, and Ch. 10]
Are there specific areas for improvement (recommended alternatives)?

4. Stady Evaluation Q3 (part b). Are the study evaluation methods in Ch. 6 for individual human studies 6
(epidemiclogy and controlled exposure) and animal studies mechanistic evidence
(pilot testing approaches), and pharmacokinetic models adequate? If not, how can the
methods be improved?

5. Evidence Synthesis Q6 (part a). Are the approaches to evidence synthesis described in Ch. 9 and Ch. 10 9-11
scientifically sound?
e  Are the considerations sufficiently broad to allow for application to the wide
range of scenarios that will be encountered when applied to individual
assessments?
e  Are the methods sufficiently clear in describing the intent to synthesize the
relevant evidence, incorporating study evaluation conclusions, regardless of the
study results?
[NOTE: Ch. 11 discusses synthesis as part of integration]

6. Evidence Integration Q6 (part b). Are the approaches described in Ch. 11 scientifically sound and 11
appropriate for integrating the various types of evidence relevant to investigating the
potential for human health eftects from exposure to environmental chemicals?

Q7. Comment on approaches using five categories versus three categories for drawing
evidence integration conclusions. Which approach is recommended and why? Are
there any specific refinements for improvement?
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7. Hazard Considerations and Study Q8. Does the handbook provide appropriate considerations in Ch. 12 and Ch. 13 for 12,13 T
Selection for Deriving Toxicity identifying data sets for dose-response analysis based on systematic review B
Values conclusions? Are the basic methods for dose-response modeling and deriving toxicity &
values consistent with the current state of the science, and presented with sufficient &

clarity? §_

“ Chapter and section numbers listed in the questions refer to those of the ORD Staff Handbook for Developing IRIS Assessments (EPA, 2020a). Sce Appendix B =
of this report for additional information. §
S
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2

Overview of Organization and Content of the Handbook

This chapter evaluates the organization and overall content of the ORD Staff Handbook
Jor Developing IRIS Assessments (the handbook) (EPA, 2020a) and whether key aspects of the
assessment process are represented (Question 1 in Table 1-1). In doing so, the chapter
specifically considers the Integrated Risk Information System (IRIS) assessment process
illustrated in Figures O-1 (p. xviii) and O-2 and Table O-1(p. xix) in the handbook.

Overall, the committee found that the handbook reflects the significant improvements the
U.S. Environmental Protection Agency (EPA) has made in its IRIS process for developing draft
assessments. For instance, the process includes sophisticated, state-of-the-art methods related to
using systematic evidence maps for scoping and systematic review methods for hazard
identification. Moreover, the IRIS program is clearly helping to advance the science of
systematic review as applied to hazard identification. EPA staff are actively involved in the
ongoing development of methods, such as study evaluation and handling of mechanistic data.
The committee recognizes that implementation of many of the methods now used in the IRIS
assessment process is challenging for EPA, as they have not been previously used by the agency
and some methods are still evolving. The committee is impressed and encouraged by the
progress the IRIS program has made to date. The IRIS process for developing assessments can
serve as a model for other parts of EPA that are implementing systematic review methods.

ORGANIZATION OF THE HANDBOOK

The strengths and advances in methodology for the IRIS assessment process are unevenly
and not always clearly conveyed in the handbook. The handbook alone does not adequately
describe the overall flow of the process for developing an IRIS assessment. Thus, more could be
done to ensure that the handbook meets its objectives of providing transparency about the
process and fostering consistency in assessments developed by the IRIS program by
operationalizing the process. The presentation (Thayer, 2021) and written materials that EPA
provided to the committee were important resources that enabled it to understand some sections
of the handbook. Inclusion of information and examples from Dr. Thayer’s presentation into the
handbook would improve its clarity. For example, the presentation used screenshots from the
Health Assessment Workspace Collaborative (HAWC) software used by EPA for IRIS
assessments to illustrate how study evaluations within and across evidence stream judgments
were carried through the IRIS process. The committee understands that HAWC is a flexible
program that can be adapted to accommodate changes in methods. Thus, it is important that
illustrations from HAWC match the guidance in the handbook.

The committee also acknowledges that the IRIS assessment plan (IAP) published for each
IRIS assessment provides details on specific methods and approaches that are employed for
specific IRIS assessments. Nevertheless, if each step in the IRIS assessment process were clearly
outlined in the handbook, it would make the IRIS assessment process more transparent while
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simultaneously benefitting the handbook users who conduct IRIS assessments. The handbook
chapters for specific steps in the IRIS assessment process lack a general description of the
methods used for the step and a clear outcome expected at the completion of the step. For
example, handbook Chapter 8, “Data Extraction,” describes the process for extracting data from
studies that have been identified as meeting PECO (population, exposure, comparator, outcome)
inclusion criteria and being “sufficiently informative,” as described in Chapters 4 and 6 of the
previous handbook. Handbook Chapter 8 also addresses methods for standardizing the
presentation of effect sizes and doses, and data display options. These processes are heavily
dependent on the use of HAWC. The level of detail presented in Chapter 8 obscures how and
where data extraction fits into the overall assessment process. If much of the detail about HAWC
and data display were presented as supplementary material, the chapter could focus on the
conceptual content related to standardizing effect sizes and doses.

The committee also found that the poor organization of parts of the handbook text
detracts from its readability. For example, numerous “call-backs” and “call-forwards” across
multiple chapters make the handbook difficult to navigate and the process less transparent.
Moreover, differences in the level of detail, a degree of repetition, and occasional inconsistencies
in information across some chapters also make the handbook difficult to follow.

Chapter 7 of the handbook, “Organizing the Hazard Review: Approach to Synthesis of
Evidence,” appears to be discussed as part of the planning process where outcomes are
prioritized for synthesis, analysis plans are developed, and next steps are refined and prioritized.
The outcome of that chapter and how it feeds into the revision of the IRIS assessment protocol
are not clearly presented in the handbook.

Another example of a need for improved organization of the handbook is the overlap
between Chapter 9, “Analysis and Synthesis of Human and Experimental Animal Data,” and
Chapter 11, “Evidence Integration.” Both chapters list considerations for evidence synthesis
within a group of outcomes of human or animal evidence (e.g., Table 9-1 (p. 9-3) and Table 11-2
(p. 11-10)), but the criteria are not the same in each chapter. Only Chapter 11 describes how the
ratings for each of these considerations produces a strength of evidence judgment for a body of
human or animal evidence, which is then advanced to the evidence integration step.

ILLUSTRATIONS OF THE IRIS ASSESSMENT PROCESS

Figures O-1 and O-2 and Table O-1 in the handbook portray the process for developing a
draft IRIS assessment as strictly linear. However, as mentioned in the handbook text, the process
is iterative. Searches for studies and evidence mapping can identify a wider range of studies than
those eventually included in evidence synthesis and integration. Some studies, which may be
considered supplemental at the evidence mapping stage, may be included in the IRIS assessment
at a later stage. For example, additional studies that provide information on mechanisms or
toxicokinetics (TK)! may enter the IRIS process at a later stage. The handbook does not provide
a clear illustration of how the number of studies initially identified is narrowed or expanded
throughout the assessment process. In addition, the handbook does not clearly illustrate when
and where in the process the outcomes for the PECO questions for the systematic reviews for

! In this report toxicokinetics refers to the absorption, distribution, metabolism, and excretion
processes also called ADME or pharmacokinetics. However, consistent with the handbook, models are
described as pharmacokinetic (PK) or physiologically based pharmacokinetic (PBPK) models rather than
toxicokinetic models.
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hazard identification are defined or refined. The systematic review protocol is shown as a single
step in the IRIS assessment process, but multiple systematic review protocols could be part of a
single IRIS assessment. EPA noted that the AP is a research protocol for scoping and problem
formulation, where systematic evidence maps are used increasingly (Thayer, 2021). Producing
evidence maps can enhance transparency regarding the available data, but the use of evidence
maps is not well described in the handbook. In addition, the handbook does not adequately
indicate how the units of analysis are eventually selected for hazard identification and toxicity
value derivation.

EPA explained that the IRIS assessment protocol has initial and final versions that
describe the systematic review and dose-response methodologies (Thayer, 2021). Both versions
of the protocol include PECO, literature searching and screening, literature inventory to describe
included studies, tagging of supplemental materials, study evaluation, data extraction, and
evidence synthesis/integration. The final version of the IRIS assessment protocol may encompass
revisions made in consideration of public comments received on the initial protocol. The final
version of the protocol also provides more specific details on methods that could not be fully
described during the initial version, such as analysis of mechanistic and TK data and non-
standard dose-response methodology. The final version could also include the list of prioritized
outcomes/endpoints, but as noted elsewhere in this report the process for prioritizing the
endpoints may not be clear.

OVERALL CONTENT OF THE HANDBOOK

The committee found that the handbook does not focus sufficiently on the major steps in
the IRIS assessment process: planning the assessment, study evaluation, evidence synthesis,
evidence integration, and selecting and deriving toxicity values . Streamlining the handbook to
concentrate on describing the key concepts, definitions, and instructions required to complete
those major components of the IRIS process would improve the transparency and usability of the
handbook. A professional editor could assist with this task and advise on whether details on
methods that are rapidly evolving, such as evaluation of human epidemiology studies of
environmental exposures or mechanistic study evaluation, would be better placed in
supplementary materials, where they could be updated regularly, rather than in the main text.

The clarity of the handbook was also hindered by the lack of a glossary of key terms.
Definitions for key terms such as “scoping,” “synthesis,” “integration,” and “sensitivity” are
currently scattered across different chapters. In addition, the handbook sometimes uses
terminology in an inconsistent and unconventional manner, with a tendency to use terms with
pre-established definitions in the general area of evidence synthesis to designate various IRIS-
specific processes and products. Examples include the use of the term “protocol” to describe the
general plan for an IRIS assessment rather than a detailed plan for conducting a specific
systematic review; the use of the terms “preliminary literature survey,” “systematic evidence
map,” and “literature inventory” to refer to an evidence database, when all three terms have
different established meanings; and the use of “scoping review” to refer to a complex process
that includes engaging stakeholders in the identification of programmatic needs, rather than a
survey of a body of evidence conducted to inform a research planning process.
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Use of Systematic Review Methods

As recommended in previous National Academies reports, systematic review methods are
being incorporated into the IRIS assessment process. These reports have defined systematic
review as a “scientific investigation that focuses on a specific question and uses explicit,
prespecified scientific methods to identify, select, assess, and summarize the findings of similar
but separate studies” (IOM, 2011, p. 1). In practice, the IRIS program is applying systematic
review methods appropriately to parts of the assessment process (e.g., evidence evaluation and
synthesis for hazard identification). However, in some places, the handbook suggests that
systematic review methods are being used at all points in the assessment process, which is not
actually the case.

In particular, Figure O-1 suggests that systematic review methods are used for all steps
from developing the literature identification strategy through selection of studies for dose-
response assessment. However, not all of these steps in the IRIS process are amenable to
systematic review methods. For example, although evidence mapping is a rigorous method used
for scoping, it is not a systematic review method. As noted in the handbook, systematic review
methods are not directly applicable for conducting dose-response analyses, although studies that
form the basis of toxicity value derivations should have gone through a systematic review
process during hazard identification. Indeed, all studies that may be used for toxicity values ,
whether human, animal, or mechanistic, are expected to go through a systematic review process
before determination of hazard identification. On the other hand, some mechanistic and TK
studies that enter the IRIS process provide supplementary information (e.g., on biological
plausibility) and may or may not need to go through a systematic review process, depending on
the needs of the assessment. The handbook would be more useful and transparent if it clearly
delineated where systematic review methods are appropriate and how they are applied in the
IRIS process.

Mechanistic and Toxicokinetic Data

Multiple places in the handbook describe the roles of mechanistic data, TK data, and
results from PK models and physiologically based pharmacokinetic (PBPK) models. However,
the descriptions are not entirely consistent. For instance, Table 2-2 of the handbook (p. 2-7)
provides examples of TK studies and PK and PBPK studies, but this information is repeated with
some variation in Section 4.2.1. The main discussion of mechanistic information is deferred until
Chapter 10 of the handbook, leading to multiple instances of both backward and forward
referencing, which makes the handbook confusing as to when and how mechanistic and TK data
are incorporated into the assessment. The readability of the handbook would be improved by
specifying, near the beginning of the handbook, the range of potential roles for mechanistic, TK,
and other related data in the assessment (e.g., see Table 2-1 of this report), and then carrying that
information consistently throughout the rest of the document.
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TABLE 2-1 Common Uses of Mechanistic and Toxicokinetic Evidence in IRIS Assessments

Mechanistic Evidence Toxicokinetic (ADME) Evidence”

Hazard Evidence Synthesis: Hazard Evidence Synthesis:

o Identity of active moiety of an agent e Active moiety

e  Identity of target tissue e  Target tissue concentration

o  Key characteristics e  Route of exposure differences

e Interspecies differences (including human relevance) e Interspecies differences

o  Mode of Action/Adverse Outcome Pathway analysis e  Susceptible populations and life stages

¢  Endpoints that may be linked/related/grouped together

e  Potential for read-across for predicting certain

endpoints, based upon well-studied similar chemicals

e Susceptible populations and life stages
Dose-Response: Dose-Response:

e  Low-dose extrapolation approach e PK or PBPK model(s) to predict dose

e Interspecies differences in sensitivity metrics

e  Dose-metrics for cach endpoint e  Route of exposure

e  Susceptible populations and life stages differences/extrapolation

e Interspecies extrapolation
e  Susceptible populations and life stages

?Includes information relating to PK and PBPK models.

The handbook does not adequately describe the role of mechanistic data throughout the
IRIS assessment process. For example, it is not always clear when mechanistic data would be
treated as a separate data stream for hazard identification, when it would be used to increase or
decrease confidence in animal or human studies based on biological plausibility, and when it
would potentially serve both roles. Despite this shortcoming, it is laudable and significant that
the IRIS program is striving to incorporate mechanistic data in a manner that is consistent with
etfforts to move toward decreased reliance on animal-based studies and increased use of New
Approach Methods (NAMs), such as those that rely on in silico or in vitro methods. An increased
use of mechanistic data in the IRIS assessment process could encourage its use more broadly and
serve as a model for other agencies conducting hazard evaluations.

Susceptible Populations

Most risk assessments involving environmental, industrial, or occupational chemical
exposures have the potential to involve susceptible life stages or other types of susceptibility
(e.g., genetic polymorphisms; aging systems and pre-existing disease; and social, lifestyle, and
demographic factors [as described in the handbook’s Table 9-2 on p. 9-6]). Identifying
susceptible populations and determining whether there are sufficient data to evaluate dose-
response relationships in such populations are challenges common to most, if not all, chemical
assessments. Those challenges are particularly important for susceptible life stages since the
period of susceptibility may be relatively brief and thus may not involve consideration of long-
term exposure. This has implications for the type of age-dependent adjustment factors that may
be needed for cancer assessments and the shorter-term exposure parameters that may be needed
to align with the susceptibility window. The extent, nature, quality, outstanding issues, and
uncertainties with respect to the evidence base for susceptible populations are important
considerations.
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The handbook recognizes the importance of assessing potentially susceptible populations
by encouraging their consideration throughout the assessment process, and the handbook
describes in multiple places how the evidence base for susceptible populations should be
handled. However, the handbook treats this aspect of hazard identification as a special case
evaluation that may not be required unless animal, human, or mechanistic evidence points to a
particular susceptibility or life stage. Discussions that define what constitutes evidence of
susceptibility and describe the types of data that may inform such susceptibility are not presented
in one place in the handbook, but those topics are alluded to in various places throughout the
document. For example, the handbook describes refinements to the evaluation plan (handbook
Chapter 5) to include “studies that address critical lifestage or exposure duration-specific
knowledge of the development of the health outcome (e.g., for endpoints relating to organ
development or cancer, respectively)” (EPA, 2020a, p. 5-2). In Chapter 9 of the handbook (Table
9-2, p.9-6), several other factors are described that may contribute to susceptibility. While it is
helpful to alert handbook users to such factors, the handbook does not provide a process for
formally considering the susceptibility factors that apply to a given assessment, data available to
mform such a consideration, and the needed refinements to PECO statements and the assessment
plan.

Linkage of Dose-Response with Hazard Identification

The handbook chapters on selection of studies for toxicity assessment (Chapter 12) and
derivation of toxicity values (Chapter 13) are less well developed than the other chapters devoted
to hazard identification. Handbook Chapter 12 on selection of studies is not clearly linked to the
earlier handbook chapters. For example, it is unclear how the results of the systematic reviews
that are conducted for hazard identification are used to select studies for the dose-response
assessment. The transition from hazard identification to derivation of toxicity values needs to be
improved, particularly with respect to selecting studies for dose-response. By contrast, much of
the material in Chapter 13 on deriving toxicity values is described in other EPA documents but
not the handbook. Thus, the description of the process for deriving toxicity values could be
streamlined substantially to focus on the most common practices, while noting by reference
where less common approaches based on mechanistic, TK, or novel quantitative methods may be
obtained and applied.

The committee concluded that the transparency and usability of the handbook could be
improved by streamlining all of its text to focus on the major steps in the IRIS process,
eliminating repetition among the chapters, incorporating examples from IRIS assessments and
software tools such as HAWC, and ensuring that terminology is used consistently across
chapters.

GAPS IN THE HANDBOOK
The committee identified several key gaps in the content of the handbook: handling of
publication bias and funding bias, planning for handbook updates, preparing for new or emerging

types of studies that may be used in future IRIS assessments, and including quality assurance in
the IRIS assessment process.
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Publication Bias and Funding Bias

Publication bias is the publication or non-publication of research results based on the
nature and direction of the results (Higgins and Thomas, 2019). Funding bias refers to an
association between study funding sources and financial ties of investigators with research
outcomes that are favorable for the sponsors (Holman et al., 2019). NRC (2014) recommended
that publication bias and funding bias be addressed in IRIS assessments. Handbook Section 8.1.1
notes that the data collection tool, HAWC, allows for collection of information on study funding
source and author conflicts of interest, but this does not appear to be mandatory. Author conflicts
of interest are mentioned in Section 9.4.3 as a possible source of reporting or publication bias,
but funding bias is not mentioned at all. Publication bias is mentioned in the handbook chapters
on Evidence Synthesis (Chapter 9) and Evidence Integration (Chapter 11), particularly in relation
to how it could impact the assessment of consistency across studies. Funding bias is not
mentioned at all in the handbook.

The NRC (2014) recommendation to address funding bias as part of the study evaluation
process was based largely on evidence obtained from human studies because less was known
about the extent of funding bias in animal research. Since the 2014 report was published,
evidence for both publication and funding bias in human and animal literature has increased.
Meta-research studies continue to identify publication bias (Rezende et al., 2018; van der Naald
et al., 2020) and funding bias (Huss et al., 2007; Anglemyer et al., 2015; Bero et al., 2015;
Chartres et al., 2016; Friedman. and Friedman, 2016; Lundh et al., 2017; Wells, 2017) across a
variety of fields. Other methodologies, such as case studies, qualitative analysis of interview data
from researchers, or internal industry documents, have described specific studies that have been
influenced by industry or not published (for example, see Michaels (2006)). There remains a
need to conduct meta-research evaluations for some types of studies included in IRIS
assessments. For example, a major source of data for chemical assessments conducted by IRIS is
standardized animal toxicity studies, typically done by contract research organizations (CROs)
under good laboratory practices. The same CROs may be funded by various sources, including
industry and government, often simultaneously, and evidence for the influence of funding source
in such cases is lacking. Funding bias is important to consider regardiess of the funding source.

Methods to detect and evaluate impacts of publication bias or funding bias are available
or are being developed. The handbook (Section 9.4.3) notes methods to detect publication bias
and assess its impact on evidence synthesis. However, it does not provide guidance on whether
or how to apply these methods to assess the impact of publication bias on IRIS assessments.
Although most current study evaluation tools are not adequate for addressing bias related to
conflicts of interest (Lundh et al., 2019), some tools are available for incorporating assessments
of funding bias or author conflict of interest into study evaluation (SIGN, 2011; Woodruff et al.,
2011; Moga et al., 2012; Downes et al., 2016). The Navigation Guide (Woodruff and Sutton,
2014, for example, includes author conflicts of interest and study funding source as components
of study evaluation (Woodruff et al., 2011), although studies are not excluded based on a high
risk of bias in any single domain. Cochrane is developing a Tool for Addressing Conflicts of
Interest in Trials (TACIT)? to evaluate the occurrence and impact of funding bias and author
conflicts of interest on systematic reviews of trials. Funding and publication biases can also be
investigated at the evidence synthesis and integration stages. For example, the impact of funding
bias on effect estimates obtained by evidence synthesis can be evaluated by excluding studies by

* The TACIT website is https://tacit.one/.
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funding source in a sensitivity analysis or by conducting subgroup analyses by funding type.
Incorporating assessments of publication bias or funding bias at the evidence evaluation or
synthesis stage could influence the confidence in estimated effects.

Updating the Handbook

The preface of the handbook indicates that the handbook is a “living document” and “the
IRIS program will update the IRIS handbook as needed for major shifts in approaches based on
emerging science and experience gained through its application to a broader spectrum of
assessments” (EPA, 2020a, p. xiv). Given the current complexity of the handbook and EPA’s
existing review process, it is difficult to see how the handbook could be updated in a timely
manner. The handbook does not describe a process for updating, which would include proposed
timelines, how to identify major changes that would need to go through external peer review, and
how to more quickly update details of evolving methods (e.g., study evaluation and software
tools) that could be linked to the handbook without the need for external review.

Anticipating Future Types of Studies

A handbook chapter on preparedness for incorporating future types of studies would
demonstrate EPA’s involvement in the development of emerging methods. Currently, human
epidemiology and animal toxicology studies are the main focus of the handbook. A preparedness
chapter could identify additional types of studies that EPA is considering for future IRIS
assessments (e.g., high throughput, non-rodent vertebrate studies, and in silico). If NAMs were
to be recognized as eventual replacements for animal-intensive toxicology studies, emerging
methodologies for NAMs of potential future relevance to IRIS could be highlighted. Evaluation
of chemical mixtures is a gap in the handbook and may be beyond the current scope of IRIS
assessments. The handling of life stage studies, including developmental stage studies, in IRIS
assessments 1s not fully developed in the handbook. The handbook does not recognize new
methodological developments in those areas and does not target them for possible future use.

In addition, systematic reviews of human, animal, mechanistic, or other types of relevant
data are becoming more common in the general field of environmental health. Incorporating
systematic reviews from other sources into IRIS assessments could enhance process efficiency.

Quality Assurance

Previous National Academies reports have noted weaknesses in the quality assurance of
the IRIS process. NRC (2014) recommended that EPA provide a quality management plan that
included clear methods for continuous evaluations of the quality of the IRIS process. NASEM
(2018) found the IRIS management had taken multiple steps to ensure high-quality, including
structures to improve the quality of the IRIS assessments.

The handbook can play a key role in the quality assurance of the IRIS assessment process
because it can standardize the practices of IRIS program staff and contractors working on IRIS
assessments. However, the handbook lacks a section on the overall quality assurance of the
assessment process, how quality will be monitored, and how EPA staff and consultants will be
trained, as needed, to meet the quality assurance standards.
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The handbook includes quality assurance procedures related to some individual steps in
the process. For example, handbook Chapter 6 indicates that the quality assurance of the study
evaluation process is accomplished by having each study evaluation generally conducted
independently by at least two reviewers, with a process for comparing and resolving differences.
However, the handbook provides the option to use only one reviewer, which is not standard
practice for systematic reviews, and fails to note which of the described methods have been
tested empirically. Empirically based methods that are valid and reliable could establish a
minimum set of standards for quality assurance. Alternatively, pragmatic standards, developed
collaboratively by methodologists and those who conduct IRIS assessments, could be
established. For example, Cochrane and others have developed methodological expectations for
the conduct, reporting, and updating of systematic reviews (Schaefer and Myers, 2017; Higgins
and Thomas, 2019; Whaley et al., 2020). The Cochrane standards are categorized as
“mandatory” or “desirable” for systematic review publication.

FINDINGS AND RECOMMENDATIONS

General Finding: The handbook reflects the significant improvements EPA has made in its IRIS
assessment process. For instance, the process includes sophisticated, state-of-the-art methods
related to using systematic evidence maps for scoping and systematic review methods for hazard
identification. Moreover, the IRIS Program is clearly helping to advance the science of
systematic review methods as applied to hazard identification. EPA staff are actively involved in
the ongoing development of methods, such as study evaluation and use of mechanistic data. The
IRIS assessment methods can serve as a model for other parts of EPA that are implementing
systematic review methods.

Findings and Tier 1 Recommendations

Finding: The objectives of the handbook are to improve transparency about the IRIS assessment
process and provide operationalizable instruction for those conducting IRIS assessments.
Achieving both of these objectives in a single document may be difficult.

Recommendation 2.1: EPA should engage a professional editor with specific expertise
in developing handbook-like materials to assist with the handbook revision. The editor
should enhance the transparency and ease of use of the handbook by focusing the
material on the concepts, definitions, and instructions needed to complete the main steps
in the IRIS assessment process; eliminating unnecessary repetition among the chapters;
and ensuring that terminology is used consistently across chapters. [Tier 1]

Recommendation 2.2: EPA should add a glossary to the handbook for defining key
terms. Single definitions should be provided for concepts, and the definitions should be
applied consistently throughout the handbook. /Tier 1]

Finding: The handbook uses unconventional terminology, with a tendency to use terms with pre-
established definitions in the area of evidence synthesis to designate various IRIS-specific

processes and products. Examples include the use of the term “protocol” to describe the general
plan for an IRIS assessment, rather than a detailed plan for conducting a specific systematic
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review; the terms “preliminary literature survey,” “systematic evidence map,” and “literature
inventory” to refer to an evidence database, when all three terms have different established
meanings; and “scoping review” to refer to a complex process that includes engaging
stakeholders in the identification of programmatic needs, rather than a survey of a body of
evidence conducted to inform a research planning process.

Systematic review methods are used for parts of the overall IRIS process. However, the
handbook suggests, at some points, that systematic review methods are being used when they are
not. The IRIS program is applying systematic review methods appropriately to parts of the
process (e.g., evidence evaluation and synthesis for hazard identification), However, the
handbook does not clearly differentiate when systematic methods (such as a systematic search of
the literature or another method that is applied systematically) versus systematic review methods
are being used throughout the IRIS process.

Recommendation 2.3: The handbook should use terminology in a manner that is
consistent with existing, accepted definitions in related fields.. When alternative
definitions are used for the IRIS assessment process, the handbook should provide
explicit justification. [Tier 1]

Recommendation 2.4: When systematic review methods are being used for parts of the
IRIS assessment process, this should be stated and the relevant methodological literature
should be referenced. [Tier 1]

Finding: The handbook does not adequately describe the overall process or flow for developing
IRIS assessments and the iterative nature of some of the steps in the process.

Recommendation 2.5: EPA should create new graphical and tabular depictions of the
IRIS assessment process as it is currently practiced, and should not feel constrained to
mirror the process depicted by the 2014 National Academies report Review of EPA’s
Integrated Risk Information System (IRIS) Process or any other report (including this
one). A professional editor could be of assistance here. [Tier 1]

Finding: The handbook includes very detailed information on some methods that may undergo
rapid development (e.g., data extraction). On the other hand, the handbook lacks specific
examples from relevant IRIS assessments and examples of the software used by EPA, such as
HAWC, that are needed to fully understand the IRIS program’s methods.

Recommendation 2.6: The handbook should incorporate more examples from relevant
IRIS assessments and examples of software used by EPA, such as HAWC. EPA could
provide them as supplementary material or links to other content. [Tier 1/

Finding: Publication bias and funding bias are mentioned sparingly, or not at all, in the
handbook, although empirical evidence from a variety of fields shows that funding bias and
publication bias can alter effect estimates when evidence is synthesized. Funding bias might also
have an effect on the confidence of study ratings from evidence evaluation. Tools and methods to
detect and assess these biases are available.
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Recommendation 2.7: The handbook should describe how to detect and assess the effect
of funding bias on the confidence of study ratings from evidence evaluation or effect
estimates from synthesis. [Tier 1]

Recommendation 2.8: The handbook should describe how to detect and assess the effect
of publication bias on effect estimates from synthesis. [Tier 1]

Findings and Tier 2 Recommendations

Finding: The roles of mechanistic, TK information throughout the IRIS assessment process are
not clearly described in the handbook. For instance, the main discussion of the use of
mechanistic data is deferred until Chapter 10, so that discussions of those types of data earlier in
the handbook require call-forwards and do not have adequate context to be clearly
understandable. In addition, it is not clear when mechanistic data could be treated as a separate
data stream for hazard identification, could be used to increase or decrease confidence in animal
or human studies based on biological plausibility, or could be used to inform key science
considerations.

Recommendation 2.9: The handbook should include introductory material clarifying the
possible roles of mechanistic and TK information in the IRIS assessment process. As it is
recognized that methods and approaches in this area are continuing to evolve and be
refined, the handbook need not (and cannot) specify every possibility but rather should
focus on the most common roles for such data in the assessment process (see Table 2-1 of
this report). EPA should obtain a professional editor’s assistance (see Recommendation
2.1) in determining how best to organize the more detailed discussions of mechanistic TK
information throughout the relevant sections of the handbook. [Tier 2/

Finding: The handbook recognizes the importance of assessing potentially susceptible
populations by encouraging their consideration throughout the process. There are multiple places
in the handbook that describe how the evidence base for susceptible populations should be
incorporated into IRIS assessments. However, the handbook treats this area of hazard
identification as a special case evaluation that may not be required unless animal, human, or
mechanistic evidence points to a particular susceptibility or life stage. Discussions that define
what constitutes evidence of susceptibility and describe the types of data that may inform such
susceptibility are not provided in one place in the handbook, but those topics are alluded to in
various places throughout the document.

Recommendation 2.10: The handbook should include introductory material
summarizing how susceptible populations are to be identified, how relevant literature are
to be sought and catalogued, and how this information is to be used to retine PECO
statements and the assessment protocol. [Tier 2/

Finding: The handbook chapter on selection of studies for toxicity value determination does not
directly follow on from the earlier handbook chapters. For example, it is unclear how the results

of the systematic reviews that are conducted for hazard identification are used to select studies
for the dose-response assessment. As described, hazard identification and toxicity value

28 Prepublication Copy

ED_013283_00000680-00042



Overview of Organization and Content of the Handbook

determination appear to be disconnected processes. Thus, earlier portions of the handbook are
difficult to evaluate without an adequately described connection to how studies will ultimately be
selected for toxicity determination.

Recommendation 2.11: The handbook should include introductory material describing
the criteria for using the results of hazard identification and other considerations for the
selection of studies for dose-response. [Tier 2/

Finding: The handbook lacks a section on the overall quality assurance of the IRIS assessment
process.

Recommendation 2.12: The handbook should include a section on ensuring the overall
quality of the IRIS assessment process that establishes a minimum set of standards for
quality assurance and provides procedures for monitoring quality and training EPA staff
and contractors, as needed, to meet the quality assurance standards. [Tier 2/

Finding: Given the current complexity of the handbook and EPA’s existing review process, it is
difficult to see how the handbook could be updated in a timely manner. The handbook does not
describe a process for its updating, which would include proposed timelines, how to identify
major changes that would need to go through external peer review, and how to more quickly
update details of evolving methods (e.g., study evaluation and software tools) that could be
linked to the handbook without need for external review.

Recommendation 2.13: The handbook should include content describing the timeline
and process for updating of the handbook. [Tier 2/

Findings and Tier 3 Recommendation

Finding: Human epidemiology and animal toxicology studies are the main focus of the
handbook. The handbook does not indicate the types of studies that might be considered for
future IRIS assessments (e.g., high throughput, non-rodent vertebrate studies, and in silico ).
Consideration of chemical mixtures is a gap in the handbook that may be beyond the current
scope of IRIS assessments. The committee urges EPA to plan for including additional types of
studies in IRIS assessments.

Finding: Systematic reviews in environmental health are becoming more common, but the
handbook does not describe how EPA will identify, evaluate, and incorporate systematic reviews
from other sources.

Recommendation 2.14: The handbook should include discussions that recognize new
types of research and describe how EPA is preparing for possible inclusion of additional
study types into IRIS assessments. To enhance the efficiency of the IRIS assessment
process, EPA should consider how it will identify, evaluate, and incorporate systematic
reviews from other sources, as they become more available. [Tier 3/
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Planning Assessments

In this chapter, the committee reviews the portions of the chapters of the ORD Staff
Handbook for Developing IRIS Assessments (the handbook) (EPA, 2020a) that describe
processes related to planning the development of Integrated Risk Information System (IRIS)
assessment:

Chapter 1—Scoping of IRIS Assessments

Chapter 2—Problem Formulation and Development of an Assessment Plan
Chapter 3—Protocol Development for IRIS Systematic Reviews

Chapter 4—Literature Search, Screening, and Inventory

Chapter 5—Refined Evaluation Plan

Chapter 7—Organizing the Hazard Review: Approach to Synthesis of Evidence
Chapter 10—Analysis and Synthesis of Mechanistic Information

In reviewing those chapters, the committee considered whether the systematic review approaches
used by the IRIS Program (outlined in Chapters 1-5 of the handbook) clearly describe and are
consistent with methodologies considered to be state of the science (Question 2 in Appendix B),
and whether the handbook clearly lays out a state-of-the-science approach for refinement of the
scope and analyses of an IRIS assessment (Question 4 in Appendix B). The committee also
assessed the handbook’s process for evaluating and integrating mechanistic data and considered
specific areas for improvement or recommended alternatives (Question 5 in Appendix B).

As requested by the U.S. Environmental Protection Agency (EPA), the committee also
used planning documents for specific assessments (i.e., for Vanadium [EPA, 2021a] and
Inorganic Mercury Salts [EPA, 2021b], the release of which spanned the release of the
handbook).

OVERVIEW OF THE HANDBOOK’S MATERIAL ON
PLANNING IRIS ASSESSMENTS

Chapter 1 “Scoping of IRIS Assessments” outlines the process for identifying the
programmatic needs of EPA in relation to a proposed IRIS assessment. It presents examples of
agencies and stakeholders with whom IRIS may need to engage in the process of defining the
objectives of an assessment. The chapter also presents a series of five scope-related and eight
prioritization-related questions to facilitate focusing the objectives of the assessment into the
form of one or more population, exposure, comparator, outcome (PECO) statements. The
scoping process overlaps with the problem formulation process in the next chapter of the
handbook.

Chapter 2 “Problem Formulation and Development of an Assessment Plan” describes two
processes: (1) the creation of a preliminary literature survey and (2) the drafting of an assessment
plan. The assessment plan is a document that describes in broad terms how the assessment will
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be conducted to address the programmatic needs determined by the scoping process. The
preliminary literature survey identifies health effects that have been studied, as well as other
types of information that the assessment may need to address. Confusingly, this chapter
references Chapter 4 for conducting literature surveys, but Chapter 4 actually addresses a more
systematic output referred to as a “literature inventory” (also referred to as a “systematic
evidence map”). The literature inventory comprises data about populations, exposures, outcomes,
study methods, and other study design features that are relevant to planning the specific
systematic review questions and informing the other analyses that will deliver on the
programmatic needs that are to be met by an assessment.

Chapter 3 “Protocol Development for IRIS Systematic Reviews” briefly describes how
the IRIS program interprets the concept of a protocol for the conduct of a systematic review.
Breaking with convention in systematic review terminology, the term “protocol,” as used here, is
a strategic document outlining an overall process for developing a planned approach to an overall
IRIS assessment, rather than a detailed methodology for conducting a particular systematic
review. In a presentation to the committee, EPA clarified that there are two “assessment
protocols™: an initial protocol that is published early and can change during the course of the
assessment, and a final protocol that is published at the same time as the assessment and provides
the full details on final methods that were chosen for conducting the systematic reviews and
other elements of the assessment (Thayer, 2021). The initial protocol seems to be the subject of
handbook Chapter 3; however, a template for the organization of what appears to be a final
protocol is also presented.

Chapter 4 “Literature Search, Screening, and Inventory” provides guidance on
conducting literature searches for IRIS assessments (Section 4.1), screening the results of search
strategies for literature of actual relevance to an assessment (Section 4.2), and creating an
inventory of the literature that has been determined to be relevant to an assessment (Section 4.3).
Section 4.1 describes the use of bibliographic databases and methods for the development of
search strategies for querying them. Section 4.2 describes the process of classifying (“tagging”)
studies as relevant or not to the assessment objectives, and for those that are relevant, adding
further tags related to study design characteristics, topic area, and other aspects. The tagging
process results in a pool of studies that meet the PECO criteria and a pool of “potentially relevant
supplemental material,” such as mechanistic studies, toxicokinetic (TK) studies, and
pharmacokinetic or physiologically based pharmacokinetic modeling studies. Section 4.3
describes the process for creating the literature inventories, which is a database of the broad array
of evidence relevant to the problem space as defined by the programmatic needs that were
identified via the scoping process. The guidance on search and tagging explains the mechanics of
building the literature inventory.

Chapter 5 “Refined Evaluation Plan” describes the process for moving from the
assessment plan (handbook Chapter 2) and initial protocol (handbook Chapter 3 and as clarified
by EPA [Thayer, 2021]) to a refined evaluation plan. The process is presented in the form of a
series of questions intended to facilitate analysis of the data in the literature inventory in the
context of the assessment plan, as well as development of additional targeted searches and
analyses that were not presented in the assessment plan. The refined evaluation plan can be
refined further into the final protocol.

Chapter 7 “Organizing the Hazard Review: Approach to Synthesis of Evidence”
describes the planning of the hazard review, a specific product of the IRIS assessment process
that presents conclusions about hazards from exposure to chemical substances. This process also
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provides information that guides the dose-response analysis. The plan for the hazard review uses
information obtained from more detailed analysis of the literature inventory, in particular the
study evaluation process (handbook Chapter 6). The goal is to identify, prioritize, and group the
set of endpoints on which the risk assessment is to be based and for which detailed data
extraction will be conducted. The remaining endpoints are only summarized as supplemental
material.

Chapter 10 “Analysis and Synthesis of Mechanistic Information” describes multiple
activities related to the use of mechanistic information in the assessment process, including
literature searching and screening, scoping and objective of analyses of mechanistic data,
prioritization and evaluation of mechanistic studies, synthesis of mechanistic evidence, and use
of mechanistic information in evidence integration and dose-response analysis. The material in
handbook Chapter 10 is relevant to multiple chapters. As indicated in Question 5 (Appendix B),
Sections 2.2, 4.3.3, and 6.6 of the handbook also discuss evaluation of mechanistic data.

RESPONSIVENESS TO THE 2014 NATIONAL ACADEMIES REPORT

The committee finds that the handbook is responsive to many of the planning-related
recommendations made in the 2014 National Academies report Review of EPA’s Integrated Risk
Information System (IRIS) Process (NRC, 2014). In particular, through its initial literature
survey, the development of a broad PECO statement, and subsequent development of a literature
inventory based on a broad search, EPA has established a “transparent process for initially
identifying all putative adverse outcomes,” as recommended by NRC (2014, p. 37). Additionally,
for all literature searches, the IRIS assessment process includes input from information
specialists trained in conducting systematic reviews.

EPA’s approach for using “guided expert judgment to identify the specific adverse
outcomes to be investigated, each of which would then be subjected to systematic review,” is
partially responsive to the NRC (2014, p. 37) recommendation. While the handbook describes
several steps for focusing IRIS assessments on specific health outcomes, as described further
below, the process is not fully transparent in a manner consistent with conventional systematic
reviews. Additionally, while the process outlined in the handbook is responsive to the NRC
(2014, p. 37) recommendation to “include protocols for all systematic reviews conducted for a
specific IRIS assessment as appendixes to the assessment,” the committee found additional
aspects of protocol development and reporting that could be improved.

CRITIQUE OF METHODS FOR PLANNING

A challenge in evaluating the processes described in the handbook is their presentation as
being linear or funneled when many steps are in fact iterative. This is evidenced by the numerous
call-forwards and call-backs between chapters (e.g., how Chapter 4 needs to be read to
understand how to deliver the outputs of the processes described in Chapter 2, and the challenge
in understanding where Chapter 3 fits in the planning process).

Therefore, in order to better communicate and render constructive its critique of the
methods for planning IRIS assessments, the committee has divided the overall IRIS planning
process into three stages, with a section of this chapter dedicated to each: problem formulation,
protocol development, and organization of the hazard review (see Figure 3-1). Each stage has
one or more accompanying processes, and each process is associated with one or more
documented outputs relating to the overall assessment. Relatedly, addressing Question 4
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(Appendix B), which asked whether the handbook lays out a state-of-the-science approach for
refinement of the scope and analyses of an IRIS assessment, involved consideration of multiple
processes described in handbook chapters 1, 2, 3, 4, 5 and 7. The various strengths and
weaknesses of the processes regarding the state-of the-science are discussed throughout this
chapter. However, it was not practicable to provide a summary response to the question.

This chapter also includes a discussion of the role of mechanistic and TK data in the
planning process, and it covers special considerations for potentially susceptible populations in
the planning of IRIS assessments. Although study evaluation is discussed in Chapter 4 of this
report, it is included in Figure 3-1 to show the order of its presentation in the handbook.

Problem Formulation

The problem formulation process described in the handbook presents an important
evolution in understanding how to use “literature inventories” or “systematic evidence maps”
(databases of key features of scientific studies) to inform priority-setting in toxicity assessments.
Literature inventories contribute to characterizing a general problem space by mapping existing
relevant evidence (James et al., 2016). In the case of IRIS assessments, the space is defined by
interpreting the problem into one or more broad PECO statements. The outcomes may be
particularly broad, typically encompassing “all cancer and noncancer health outcomes.” This
contrasts with the types of PECO statements used in systematic reviews (including those
developed by the National Institute of Environmental Health Science’s Office of Health
Assessment and Translation and using the Navigation Guide [Woodruff and Sutton, 2014] for
environmental health), which are much narrower in scope.

The literature inventories are built using sensitive search strategies, the results of which
are screened to remove off-topic research. The remaining studies are classified as to their likely
role in the assessment. Features of the studies that are relevant to informing the objectives and
approach of the assessment are extracted into a database. The results of this inventorying process
help identify gaps, clusters, and patterns in a topic-relevant body of evidence, thereby informing
decisions about when and how to conduct further primary or secondary research so as to fill
critical gaps or synthesize important clusters. The creation of literature inventories is a key step
for planning the assessment, and the general process described in the handbook reflects current
best practice. This is to be expected, given the IRIS program’s prominent role in developing
these methods.

The creation and use of literature inventories constitute important recent innovations in
making priority-setting a more evidence-informed process and improving the efficiency of
chemical assessments. Identification of novel evidence clusters can be particularly important to
inform a new or updated hazard conclusion or toxicity value. Efficiencies can be gained via
avoiding the unnecessary analysis of evidence that is unlikely to result in such changes, instead
focusing resources on decision-critical clusters. As such, the literature inventory is a key
milestone in the IRIS process, incorporating information obtained from the scoping and initial
problem formulation steps, and forming the foundation of all subsequent analysis. Although not
cited in the handbook, these issues have been discussed in the academic literature prepared by
scientists at the IRIS program and the National Toxicology Program (Walker et al., 2018; Wolffe
et al., 2019; Keshava et al., 2020; Radke et al., 2020). The committee was somewhat surprised
that the handbook did not make more reference to existing EPA research and other materials
related to the planning process for IRIS assessments.
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The committee notes that literature inventories also have considerable potential value in
and of themselves as a public good, providing a publicly accessible, queryable database that
could be used by any research organization to identify knowledge gaps and clusters in toxicity
research. Thus, literature inventories stand to increase not only the efficiency of EPA’s work but
also the efficiency of toxicity research, in general.

However, major challenges in understanding the processes described in the handbook are
the inconsistent way in which they are documented, the lack of clarity about the order in which
the steps are taken, and how the handbook chapters map onto these steps. For example, Figure
0O-2 (handbook p. xix) does not mention the assessment plan. It also positions the literature
search and inventory development as occurring after the development of the systematic review
protocol, when in fact these two elements have a fundamental role in the development of the
protocol. As discussed later in this chapter, the protocol itself seems ambiguously characterized
as a product of the planning process of an assessment, and in a manner at odds with conventional
understanding of its use in systematic reviews.

One area that did not receive much attention in NRC (2014), but which has been a
recurring issue in other National Academies reports, is the need to address susceptible
populations and life stages. The handbook recognizes their importance by indicating that they
should be considered in scoping and problem formulation (handbook Chapters 1 and 2); PECO
statements consider the need for a specific PECO question for susceptible populations (handbook
Chapter 3); the assessment plan (handbook Chapter 3) and refined assessment plan (handbook
Chapter 5) take into account susceptible populations; mechanistic information is to be used to
assess the types of susceptibility that may exist (handbook Chapter 10); and evidence synthesis,
integration, and dose-response all consider the possibility of susceptible populations (handbook
Chapters 9, 11, 12, and 13). The committee notes that the literature inventory appears to be an
ideal step during which a systematic search for information on susceptible populations and life
stages could be performed. However, there is little mention of this issue in either the search
strategy development or the discussion of literature tagging. Although susceptibility is mentioned
in the discussion of supplemental literature searches in Chapter 4 of the handbook, there is an
opportunity to more explicitly address this issue during the implementation of the broad
literature search underlying the literature inventory, for instance through the use of tags
reflecting categories of susceptibility identified in handbook Table 9-2 (p. 9-6).

Finally, a critical aspect of problem formulation is the identification of “key science
issues” that the assessment will need to address. Some of the issues that the handbook mentions
include conflicting data, adversity of endpoint, human relevance, and differential susceptibilities.
However, the handbook does not provide a systematic process for identifying such issues. It
appears that they are largely identified through the preliminary literature survey, stakeholder
engagement, and public comment. Systematic stakeholder engagement and issue identification
are themselves areas of active research for which no broadly accepted methodology currently
exists. Some of the key concerns with existing stakeholder engagement and issue identification
include the disparity in resources available to different stakeholders and bias in issue
identification due to vested interests (Haddaway and Crowe, 2018).

The committee’s findings and recommendations regarding problem formulation are
presented in the final section of this chapter.
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Protocol Development

This section discusses the processes described in the handbook for developing and
making publicly available, in the form of a protocol, the planned objectives and methods for
conducting an assessment.

In a systematic review, the protocol is a complete account of planned methods that should
be registered (i.e., publicly released in a time-stamped, read-only format). A protocol can be
registered in a specialist protocol repository, on a preprint server, or via formal publication in a
scientific journal. In some circumstances, organizations (e.g., public agencies) may register their
protocols via publication on a website in a manner that safeguards against changes without the
reader being aware of it. The committee considers EPA to be an organization that could employ
publication via its public website as a means of protocol registration. Some advantages of
protocol registration include discouraging the shaping of methods around expected findings, as
methods are defined and published prior to data extraction and analysis; and rendering
transparent any changes in planned methods that might affect the integrity of the review process
and credibility of its findings (Nosek and Lakens, 2014).

In the handbook, the term “protocol” refers to as many as three document types: the
“initial” or “draft” protocol that is the product of the problem formulation process (Chapter 3);
the refined evaluation plan that is to be the product of a protocol formulation process yet is also
described as being “in the protocol” (Chapter 5); and a “final protocol,” which has no dedicated
chapter but is published alongside the final assessment. Each document is different but their
exact content, and how a later document builds on a previous one, is unclear.

The scope of each of these documents is also ambiguously described in the handbook.
For example, the document described as a protocol in Chapter 3 seems to be intended as a broad
plan for conducting a systematic review that delivers the objectives detined in the assessment
plan, specifying the approaches and analyses for the entire IRIS assessment process, not just the
systematic review portion. Additionally, when it is initially developed (prior to Literature
Search), the steps subsequent to the literature inventory are at this stage fairly generic. While this
protocol includes a broad PECO statement, the summary box “Organization of the Protocol” on
page 3-3 of the handbook presents a level of detail more readily associated with a formal
systematic review protocol and seems to better match the intent of the final protocol. To further
complicate matters, EPA presented the IRIS protocol as consisting of two documents, an initial
and final protocol, both of which seem potentially open to revision in the course of conducting
an IRIS assessment (Thayer, 2021, slide 8).

The committee interpreted the handbook to indicate that there is one protocol that is
revised over time, accumulating focus and detail as the scope of the problem and the plan for
how to solve it using systematic reviews and other analyses evolves throughout the assessment
process. This increase in focus seems reasonable given the potential scope and complexity of
IRIS assessments in the context of the programmatic needs of EPA, and evolution of protocols is
usually expected. However, the different names given to these documents and the unclear
differentiation of each stage of the process documented in the handbook makes it very
challenging to discern what methods are being documented, when, and to what purpose.

Of the three protocols or planning documents described in the handbook, the final
protocol is the most consistent with a conventional definition of a systematic review protocol as
being a complete record of planned methods. It is notable, however, that this plan is only
published alongside the final assessment rather than in advance of it. Consequently, IRIS
assessments can accrue only some of the benefits of protocol publication, such as improving
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planned methods in response to external feedback. Critically, the IRIS approach to protocol
publication cannot be used to audit changes to planned methods, as these methods are not being
publicly documented in a way that makes it possible to determine if any changes to the protocol
are made before or after conducting the analysis. Other government agencies have registered
protocols (e.g., EFSA et al., 2017) and, as noted above, publication of the protocol via the EPA
public website could potentially be considered equivalent to such third-party registration.

Additionally, the processes for inclusion and exclusion of literature from the systematic
reviews conducted as part of IRIS assessments diverges from current best practices. In
conventional systematic reviews, the inclusion and exclusion of evidence, as well as delineation
of units of analysis for evidence synthesis and strength of evidence conclusions, are strictly
governed by prespecified PECO statements, in order to be fully transparent and minimize
potential for bias via selective inclusion of literature in a review. For IRIS assessments, a unit of
analysis could be defined at the endpoint level (e.g., clinical chemistry) or outcome level (e.g.,
liver toxicity). However, the handbook as well as recently released planning documents (e.g., for
Vanadium [EPA, 2021a] and Inorganic Mercury Salts [EPA, 2021b]) all only include broad
PECO statements, along with broad health effect categories. This approach contrasts with
conventional systematic reviews, in which even within a relatively broad health effect category
(e.g., cardiovascular disease), a detailed PECO statement particular to that health effect is
prespecified so as to ensure that issues relating to differing target populations, windows of
susceptibility, and measures of outcome can be addressed up front. Moreover, as currently
described in the handbook, evidence may be triaged (excluded from further consideration) at the
“refined plan” step (handbook Chapter 5) or after study evaluation at the “organize hazard
review” step (handbook Chapter 7). The reasons for the triage of such evidence, and safeguards
to ensure that evidence is not being used selectively, are not sufficiently clear in the handbook.
The development of refined PECO statements for each health effect category at the assessment
protocol stage would therefore provide clarity as to how specific pieces of evidence are included
or excluded, as well as transparency as to any subsequent changes to those criteria.

The committee recognizes that documenting the planning process for IRIS assessments is
complex. It is clear that the IRIS process is not linear, but iterative, and that at several points the
planned methods are revisited, revised, and refined. It may be possible to simplify the process
and number of associated documents and state more clearly where and when planned processes
are revised. One possible approach is to have two planning documents: (1) an assessment plan
that is a broad statement of the overall problem and approach being taken to the assessment, and
(2) an assessment protocol that describes in detail the specific methods to be used to conduct
hazard identification and dose-response assessment. The assessment protocol would be
developed based on information available from the literature inventory and could be
subsequently revisited and refined (e.g., after public comment), with revisions or refinements
documented and the final draft of the assessment protocol registered in advance of the detailed
analysis of the hazard identification and dose-response stages of the assessment. Any deviations
from the planned methods described in the registered assessment protocol can be documented
when the draft IRIS assessment is released for public comment and peer review. For instance, the
handbook (in the “Organizing the Hazard Review: Approach to Synthesis of Evidence” chapter)
currently appears to suggest that changes as to what outcomes and endpoints are synthesized may
be made after study evaluation. These are the changes from the registered protocol that would
need to be documented.
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Figure 3-2 and Table 3-1 illustrate how the planning documents and literature inventory
could be related, consistent with the committee’s understanding of the Vanadium planning
documents. Specifically, a broad PECO statement that was used to develop a literature inventory
was included in the Vanadium planning documents (EPA, 2020b) released on July 1, 2020, for
public comment, and the results of this inventory were subsequently described in the Systematic
Review Protocol (EPA, 2021a) released for public comment in April 2021. However, two
aspects of protocol development that are typically included in conventional systematic reviews
are missing from the process for Vanadium: (1) registration of the protocol (after addressing
public comments and prior to conducting analysis) and (2) inclusion of refined PECO statements
to guide the unit of analysis at which evidence synthesis and strength of evidence judgments are
conducted.

The committee’s findings and recommendations regarding protocol development are
presented in the final section of this chapter.

TABLE 3-1 lllustrative Documentation of an Assessment Plan, Literature Inventory, and Assessment
Protocol from the IRIS Planning Process”

glanmng Contents Initial Version Subsequent Versiang
roduct
Assessment e  Scoping/problem formulation Draft for public e Revised version incorporating
Plan ¢  Preliminary literature survey comment, published changes based on public
e  Science issues after scoping and comments and results of
e  Methods for assembling literature  problem formulation literature inventory published
inventory (including broad PECO,  stages with draft assessment protocol
search/screening strategies)
Literature Study database and categorization Initial inventory made e  Updated periodically (not for
Inventory publicly available public comment)
e  Health effects alongside assessment e Inventory for public comment
e  Susceptible populations protocol draft for public available with public
e  Mechanistic and TK information comment comment/peer review draft of
IRIS assessment
e  Final inventory published
alongside final IRIS
assessiment
Assessment e  Systematic review protocols Dratt for public e Revised version, incorporating
Protocol (including refined PECOs comment, published changes based on public
specifying units of analysis; alongside initial comments, registered prior to
methods for study evaluation and  literature inventory commencement of detailed
analysis) analyses
e  Evidence synthesis and integration e  Version detailing the actual
methods (including use of approach taken with
mechanistic and TK information) explanation of deviations from
e  Dose-response methods registered methods, published
alongside public comment and
peer review draft of IRIS
assessments
e  Final version, incorporating

any changes based on public
comment and peer review,
published alongside final RIS
assessment

“ The table indicates the content of each suggested planning product illustrated in Figure 3-2, when each product
might first be made available, the purpose of each product, and when each product would be revised. This is an
illustration of a possible approach and is not a recommendation as to how the IRIS assessment should be

documented.
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FIGURE 3-2 Hlustration of an assessment plan, literature inventory, and assessment protocol from the IRIS planning process.
Note: The figure illustrates which of the three products might be updated or registered, and where the products would feed into the IRIS
assessment process. It is important to note that this is an illustration of a possible approach and is not a committee recommendation as to how the

IRIS assessment should be documented.
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Organization of the Hazard Review

The intent and scope of “Organizing the Hazard Review: Approach to Synthesis of
Evidence” (handbook Chapter 7) were not clearly presented in the handbook. However, given
that this step is presented after study evaluation, it appears that a main goal is to use judgments
of study confidence to further identify and prioritize the most relevant endpoints for hazard
identification. Of concern, however, is that criteria beyond study confidence are included in the
text of Chapter 7 and Table 7-1 (p. 7-4). For example, study outcomes including evidence of
greater sensitivity and dose-response are listed as elements to consider during the organizational
process. Also page 7-3 of the handbook states, “These questions extend from considerations and
decisions made during development of the refined evaluation plan to include review of the
uncertainties raised during individual study evaluations as well as the direction and magnitude of
the study-specific results” (EPA, 2020a). Thus, this step appears to be incorporating criteria other
than study confidence to organize the hazard review. As such, this step would serve as another
opportunity for refining the protocol prior to data extraction and synthesis. If that is the case, this
purpose would need to be explicitly stated and the process thoroughly documented. Significantly,
it should be noted that inclusion of this step deviates from typical systematic review approaches.

As written, the organizational process is poorly defined, too open-ended, and too
vulnerable to subjectivity. Importantly, as other criteria should have been addressed in earlier
steps, a compelling justification would be needed if any criteria other than study confidence are
used to exclude data at this late stage of the assessment process. Ideally, the organization and
planning of the hazard review are very narrow in scope and primarily focused on evaluating how
well the identified data pool can address the PECO questions. If, instead, this step is effectively
an opportunity for further refinement of the protocol or the PECO questions themselves prior to
data extraction, that would need to be made explicitly clear and those refinements would need to
be published and time stamped in the same way as was done for similar steps in the planning
process.

Critically, the organization and refinement processes lack specific criteria to ensure
transparency and reproducibility, and are not constructed to minimize subjectivity to the
strongest degree possible. Although it makes sense that the outcomes and hazards with the
strongest evidence should be considered first, Chapter 7 of the handbook does not operationalize
how the strength of evidence would be established or ranked. Instead, it suggests questions to be
potentially considered throughout the decision process. For example, the use of “probably” in the
phrase “if the studies are all /low confidence due to reduced sensitivity, the outcome should
probably be summarized” (EPA, 2020a, p. 7-2) leaves the process too vague and vulnerable to
subjectivity. Many of the questions should have been sufficiently addressed far earlier in the
process including at what level the outcomes will be grouped. Life stage, exposure duration, and
exposure route should have been factored into the crafting of the PECO statements. Dose-
response would be better handled after the data extraction. It is inappropriate to use study
outcomes to inform data extraction, because doing so would be a significant deviation from
systematic review procedures.

Throughout Chapter 7 of the handbook, as written, the individual processes are confusing
and do not provide a clear path to operationalization. For example, in the first paragraph when
acknowledging that human and animal evidence do not always align the text states that
“decisions can sometimes be informed by specific mechanistic evaluations, for example analysis
of the extent of the linkage between related outcomes” (EPA, 2020a, p. 7-1). It is unclear what is
meant by that statement, what mechanistic data or evaluations are included, or what is meant by
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“extent of the linkage.” If the goal is to identify endpoints in animals that are informative for a
specific endpoint in humans (the example given in the text is spontaneous abortion), those linked
endpoints would need to be stated earlier in the process (if those relationships are known) or
reserved for the evidence integration step when the collective set of data are being interpreted.

It is also unclear when and how additional mechanistic data would enter the data
organization process. For example, page 7-3 of the handbook states that “additional targeted
searches for mechanistic information specific to those health effects and/or organ systems may
need to be performed. These supplemental searches may involve new literature search strategies,
and they may be health effect- or tissue-specific rather than chemical-specitic” (EPA, 2020a).
Explicit criteria for when those searches may be needed, how those searches should be
conducted, and how the data will be incorporated into subsequent steps need to be provided.

The committee’s findings and recommendations regarding organizing the hazard review
are presented in the final section of this chapter.

Role of Mechanistic and Toxicokinetic Information in Planning

As discussed in Chapter 2 of this report, there are multiple places where the roles of
mechanistic and TK data are described in the handbook, and they are not entirely consistent.
Moreover, the multiple instances of both backward and forward referencing make the handbook
confusing as to when and how mechanistic and TK data are incorporated into the assessment. As
described in NASEM (2017a), mechanistic and TK data can be very informative during the
scoping and problem formulation phase, helping determine what outcomes to focus on and how
animal and human evidence could be integrated. For instance, in its systematic review of
phthalates and male reproductive tract development, NASEM (2017a) focused on endpoints
relevant to the anti-androgenic activity of phthalates, such as fetal testosterone, anogenital
distance, and hypospadias, and did not include cryptorchidism in this grouping of endpoints.
Thus, development of refined PECO statements can be informed by mechanistic and TK
considerations with respect to which endpoints are grouped together, and which are grouped
separately. It is recognized, however, that during this planning stage, a systematic and critical
evaluation of mechanistic and TK data has not yet occurred, and that the IRIS program will need
to rely on expert judgment and input from public comments in utilizing such information in the
planning process.

In other cases, mechanistic data may warrant their own PECO statement (or set of PECO
statements) because it is appropriate and possible to evaluate their strength of evidence using
systematic review methods. In the example provided in EPA’s presentation, the mutagenicity of
chloroform was a case in which a separate PECO statement was developed to inform analysis of
a mutagenic mode of action (MOA) for cancer (Thayer, 2021). It is also possible that certain
mechanistic endpoints that are considered to be precursors to apical endpoints or adverse effects
warrant specification as a discrete unit of analysis, particularly if such endpoints are eligible for
use in dose-response assessment. The handbook does not provide much guidance during the
planning stages as to how these decisions are made.

With respect to the role of mechanistic data in planning IRIS assessments, the use of key
characteristics (KCs) for searching and organizing mechanistic data for informing hazard
identification is unclear in the handbook. However, it was clear from EPA’s presentation that the
intention is to use KCs as they are available for different health effects to help organize
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mechanistic information (Thayer, 2021). KCs comprise the set of chemical and biological
properties of agents that cause a particular toxic outcome, and were introduced first for
carcinogens (Smith et al., 2016) and subsequently for several other types of toxicants, including
male and female reproductive toxicants, endocrine disrupting chemicals, hepatotoxicants, and
cardiotoxicants (Arzuaga et al., 2019; Luderer et al., 2019; La Merrill et al., 2020; Lind et al.,
2021; Rusyn et al., 2021). It is generally agreed that KCs can be used for screening and
organizing mechanistic data, in line with their originally stated purpose in Smith et al. (2016). As
a result, KCs have been incorporated into hazard assessment approaches by several organizations
(NTP, 2018a,b; IARC, 2019; Samet et al., 2020). On the other hand, there have been concerns
that use of KCs will lead to an increase in false positives (Smith et al., 2021) and that they may
not be predictive of cancer hazard, especially as some KCs such as oxidative stress lack
specificity for cancer and other outcomes (Becker et al., 2017; Goodman and Lynch, 2017;
Guyton et al., 2018; Smith et al., 2021). However, the approach used for identifying KCs
explicitly emphasizes “sensitivity” rather than “specificity.” In particular, KCs are identified
through a process that examines known toxicants for a particular outcome (e.g., cancer) and
represents common characteristics of those toxicants. Thus, the logical conclusion is that “if X
causes outcome Y, then X has one or more KCs.” On the other hand, a predictive statement
would be the converse: “If X has one or more KCs, then X causes outcome Y.” However, from
elementary logic, a true statement does not directly imply that its converse is also true—only that
its contrapositive is true. The corresponding contrapositive is “if X does NOT have one or more
KCs, then X does NOT cause outcome Y.” Further research or other approaches are needed to
make predictive statements about toxic outcomes.

This line of reasoning suggests that from a hazard identification perspective, KCs may be
useful in the following senses if a toxicant X has been adequately investigated for all KCs:

e Iftoxicant X exhibits one or more KCs, it is biologically plausible that X causes
outcome Y.

e Iftoxicant X exhibits none of the KCs, then it is biologically implausible that toxicant
X causes outcome Y (unless a new KC has been identified).

Here, the committee understands the term “biological plausibility” in the sense of being
consistent with existing biological knowledge, but not necessarily having an established causal
mechanism. Put another way, toxicant X exhibiting one or more KCs is necessary, but not
sufficient, for toxicant X to cause outcome Y. Used in this manner, evaluating whether an agent
exhibits KCs and identifying data gaps as to what KCs have or have not been sufficiently studied
can be informative for hazard identification, even independent of further analysis in the form of
MOAs or adverse outcome pathways. Thus, a key benefit of organizing mechanistic data using
KCs is that they can be readily used in evidence integration to transparently address biological
plausibility. As discussed in NASEM (2017b), p. 121), the main advantage of this approach is
that it “avoids a narrow focus on specific pathways and hypotheses and provides for a broad,
holistic consideration of the mechanistic evidence.” As a result, their use promotes consistent
approaches across chemicals and avoids only “looking under the lamppost.” These advantages
are consistent with the purpose of the handbook, and thus it is appropriate for EPA to use KCs in
this manner.
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FINDINGS AND RECOMMENDATIONS
Findings and Recommendations Related to Problem Formulation
Finding and Tier 1 Recommendation

Finding: The process of developing the literature inventory is in accordance with established
best practices in searching for and screening evidence, starting with a comprehensive search to
build a database that can then be interrogated for refining the assessment objectives. It makes
suitable use of information specialists and is notable for its comprehensiveness of coverage of
both published and grey literature resources.

Recommendation 3.1: The handbook should make explicit which components of a
literature inventory database are to be made publicly available and when. [Tier /]

Findings and Tier 2 Recommendations

Finding: The relationship among the scoping process, the development of the literature
inventory, and the analysis of the inventory to define the assessment plan is broadly appropriate
and consistent with an understanding of best practice. Overall, EPA’s process is responsive to the
recommendation from NRC (2014) that assessments identify all putative adverse outcomes and
then prioritize them for systematic review. However, little of the relevant literature in this area,
including publications by EPA scientists, is cited to provide support for the methods outlined in
the handbook.

Recommendation 3.2: The handbook should more fully reference the literature in
environmental health and other disciplines that relates to evidence mapping and its role in
planning research, in order to strengthen the rationale for the method and provide relevant
citations. [Tier 2]

Finding: The planning sections of the handbook, in particular the development of the literature
inventory, could more directly support the identification of information and gaps with respect to
susceptible populations and life stages. Adding a component to the literature inventory
addressing this issue can be one way to better compile, organize, and assess the information
available. This could help address the crosscutting question that each chemical assessment faces
of whether the evidence base is adequate to address the possibility of susceptible populations and
life stages and whether that evidence points to unique susceptibilities and/or particular
uncertainties. Having this information identified in the literature inventory could support the
refinement of the assessment plan and later steps in the process, including dose-response
assessment.

Recommendation 3.3: The literature inventory process should consider tagging studies
for the presence of data pertinent to identification of susceptible populations. [Tier 2/
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Finding and Tier 3 Recommendation

Finding: Identification of key science issues remains an area of problem formulation where
systematic methods are needed, but broadly accepted approaches that address potential for bias
have not yet been developed.

Recommendation 3.4: EPA should consider developing a more systematic approach to
identifying science issues. [Tier 3/

Findings and Recommendations Related to Protocol Development

Finding: Recognition in the handbook of the importance of publishing protocols is welcome.
This responds to a key recommendation of the 2014 NRC Report.

Finding: Appropriate documentation of the planned methods requires refinement for consistency
with best practice relating to protocol development and publication in systematic review.
Consistent with the recommendation from NRC (2014), the handbook specifies publication of
the final protocol as appendixes to the final assessment. However, the lack of any earlier public
documentation of the protocol, and any modifications, is an important shortcoming because it
does not sufficiently ensure the transparency and credibility of the methods and findings of the
assessments.

Finding: The handbook lacks clarity regarding the products of the planning process, the
relationships among them, which are expected to be updated or should be registered, and how
they feed into the IRIS assessment.

Recommendation 3.5: The handbook should clarify and simplify the assessment
planning process as follows: restructure the handbook to directly reflect the order in
which each step 1s undertaken, unambiguously identify each of the products of the
planning process, clearly define what each product consists of, and state if and when each
product is to be made publicly available. [Tier 1]

Recommendation 3.6: EPA should create a time-stamped, read-only final version of
each document that details the planned methods for an IRIS assessment prior to
conducting the assessment. [Tier 1]

Finding: The handbook diverges from the best practices in systematic reviews in that the unit of
analysis for evidence synthesis and strength of evidence conclusions is not clearly defined in
refined PECO statement(s). The handbook includes a “broad PECO,” intended to support the
literature inventory. However, it does not specify the processes for developing more refined
PECO statements for each unit of analysis, which could be defined at the endpoint level (e.g.,
clinical chemistry) or outcome level (e.g., liver toxicity). PECO statements in clinical systematic
reviews often employ tiering of outcomes, for instance using hierarchies of broader to narrower
categories, distinguishing between “critical” and “important” outcomes, and flexibility to group
outcomes (e.g., see Higgins and Thomas, 2019, Section 3.2.4.3). Similar approaches can be
employed by the IRIS program to organize endpoints and outcomes. It is recognized, however,
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that during this planning stage, a systematic and critical evaluation of mechanistic and TK data
has not yet occurred, and that the IRIS program will need to rely on expert judgment and input
from public comments in utilizing such information in the planning process.

Recommendation 3.7: The IRIS assessment protocol should include refined PECO
statements for each unit of analysis defined at the level of endpoint or health outcome.
The development of the refined PECO statements could benefit from considerations of
available mechanistic data (e.g., grouping together causally linked endpoints, separating
animal evidence by species or strain} and TK information (e.g., grouping or separating
evidence by route of exposure), and information about population susceptibility. [Tier 1]

Findings and Recommendation Related to the Organization of the Hazard Review

Finding: Explicit consideration needs to be given to the organization of the hazard review in the
planning stages of the IRIS assessment, but the handbook leaves this planning process under-
specified. This is problematic, given that this step represents the highest level of granularity in
describing how evidence is to be selected, organized, and grouped going into the data extraction
stage of an assessment. For transparency, there needs to be enough detail that evidence synthesis
and integration can be readily mapped back to the planned methods.

Finding: Although the “organize hazard review” step is positioned in the handbook after the
study evaluation stage of an assessment, it in fact seems that most of the questions being posed in
Chapter 7 of the handbook can be answered after the assembly of the literature inventory. The
exception is the prioritization of study groups based on the results of the study evaluation step.
More clarity about what is being done at this stage of the planning process, in particular which
elements would more appropriately be subsumed under other (earlier) stages, is needed.

Finding: This step deviates from best practices in conventional systematic reviews, where all
outcomes are prespecified and not subject to change after study evaluation. The handbook does
not provide sufficient justification for revisiting the design of the systematic review after study
evaluation. In particular, it does not articulate clearly what findings from study evaluation would
be sufficient to change the analysis plan.

Recommendation 3.8: The steps of organizing the hazard review should be narrowed to
focus on new information obtained after the study evaluation stage. Organizing the
hazard review should be structured by clear criteria for triage and prioritization, and
aimed at producing transparent documentation of how and why outcomes and measures
are being organized for synthesis. [Tier 1/

Findings and Recommendations Related to Mechanistic and Toxicokinetic Data
Finding: Mechanistic and TK data are potentially highly informative during the planning and

protocol development process. The current handbook describes these roles in multiple places,
and they are not entirely consistent.
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Finding: The handbook is not clear as to when mechanistic and TK data may require a separate
PECO statement defining a discrete unit of analysis for systematic review, synthesis, and
strength of evidence judgments.

Recommendation 3.9: The handbook should describe how the IRIS assessment plan and
IRIS assessment protocol can identify the potential roles of mechanistic and TK data,
including if they are to be units of analysis for systematic review, synthesis, and strength
of evidence judgments. At a minimum, all endpoints that may be used for toxicity values,
including so-called “precursor” endpoints that might be viewed as “mechanistic,” should
require separate PECO statements; however, application of systematic review methods to
other mechanistic endpoints, such as mutagenicity, may depend on the needs of the
assessment. The key mechanistic and TK questions should be identified to the extent
possible in the IRIS assessment plan and IRIS assessment protocol. [Tier 1]

Finding: The use of KCs to search, screen, and organize mechanistic data is increasingly
accepted and was highlighted in EPA’s presentation to the committee.

Finding: The role of KCs for informing hazard identification has been the subject of debate.
They are appropriate for use in evaluating biological plausibility, or lack thereof. However, KCs
as currently constructed tend to be sensitive but not necessarily specific. More research is needed
into whether and how they can be used to be more predictive of hazard.

Recommendation 3.10: When available, KCs should be used to search for and organize
mechanistic data, identify data gaps, and evaluate biological plausibility. Those uses
should be reflected in the IRIS assessment plan and IRIS assessment protocol. [Tier 1]
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Study Evaluation

The committee reviewed “Study Evaluation,” Chapter 6 of the ORD Staff Handbook for
Developing IRIS Assessments (the handbook) (EPA, 2020a). The committee’s review of that
chapter considered the adequacy of the study evaluation methods presented for individual human
studies (epidemiology and controlled exposure), animal studies, mechanistic evidence (pilot
testing approaches), and pharmacokinetic (PK) models. It also considered how those methods
might be improved (Question 3 in Appendix B).

OVERVIEW OF THE HANDBOOK’S MATERIAL ON STUDY EVALUATION

Chapter 6 of the handbook describes approaches for evaluating individual studies for
their validity and utility in assessing a health effect associated with specific exposure/endpoint
relationships, with primary focus on study utility for hazard identification. The focus is on
human epidemiological and experimental animal toxicology studies, with additional
considerations for controlled human exposure studies, computational PK models and
physiologically based pharmacokinetic (PBPK) models, and data relevant to mechanisms of
toxicity. The stated goal of study evaluation is to evaluate “the extent to which the results are
likely to represent a reliable, sensitive, and informative presentation of a true response” (EPA,
2020a, p.6-2). While standard methods for systematic review would consider only risk of bias
when evaluating individual studies (Higgins and Thomas, 2019), study evaluation in the
handbook is intentionally broadened to include the additional study evaluation domains of
“sensitivity” and “reporting quality.” It is not standard practice to include the concepts of
sensitivity or reporting quality as part of the evaluation of individual studies included in
systematic reviews of human research, although these domains are sometimes part of study
evaluation for systematic reviews of animal studies (SYRCLE [Hooijmans et al., 2018). For the
human studies, evaluation for risk of bias and sensitivity follows the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I) framework (Sterne et al., 2016), with a
modification to include a domain for sensitivity and accommodate types of studies typically
encountered in environmental and occupational epidemiology. Human studies also consider
reporting quality as a contributing feature to the risk of bias and sensitivity domain judgments.
Evaluation of animal toxicological studies assess risk of bias, sensitivity, and reporting quality as
separate study evaluation concerns. Individual evaluation domains differ slightly to
accommodate common differences across human, animal, and controlled exposure studies, but in
all cases domain-specific judgments are combined toward an “overall rating” of study confidence
that summarizes the evaluation for a specific exposure/endpoint relationship from a given study
as “high,” “medium,” “low,” “or “uninformative.” Such rating guides the relative weight that
each study will receive in downstream hazard identification, with “low confidence” studies
generally not used as primary sources of information, and “uninformative” studies not
considered further in evidence synthesis or integration. As mentioned previously, Chapter 6 of
the handbook states on page 6-4 that study evaluations are “generally” conducted independently
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by at least two reviewers, which leaves some indication of an undesirable possibility that only
one reviewer would evaluate a study.

RESPONSIVENESS TO PREVIOUS NATIONAL ACADEMIES REPORTS

The committee finds that the handbook is responsive to many of the recommendations
provided in the 2014 National Academies report Review of EPA’s Integrated Risk Information
System (IRIS) Process relative to evidence evaluation, including that the U.S. Environmental
Protection Agency (EPA) continue to adapt or develop tools for assessing risk of bias in different
types of studies, that risk of bias assessments should be incorporated into the IRIS process and
carried forward to the evidence integration step, and that EPA should publish its risk of bias
assessments. The 2014 report noted that EPA could augment risk of bias considerations with
additional “quality assessment items” that are relevant to a particular systematic review if they
are empirically based, as may be the case in the handbook with consideration of sensitivity and
reporting quality.

The handbook’s use of study evaluation ratings to exclude studies from further
consideration is only partially concordant with the 2014 report, and recommended practice for
using study evaluation to exclude studies prior to data extraction has evolved since the 2014
report. The 2014 report stated, “The risk-of-bias assessment can be used to exclude studies from
a systematic review or can be incorporated qualitatively or quantitatively into the review results.
The plan for incorporating the risk-of-bias assessment into a systematic review should be
specified a priori in the review protocol” (NRC, 2014, p. 76). It was a clear expectation,
however, that study exclusion be a rare and transparent process and only studies with severe
methodological shortcomings (“fatal flaws™) be excluded. Importantly, the 2014 report’s
recommendations pertained to the exclusion of studies based on risk of bias assessment and not
on additional quality assessment items such as sensitivity and reporting quality. The handbook’s
reliance on these additional quality assessment items, and their possible use for study exclusion,
represents a potential departure from the recommendations of the 2014 report. In addition, other
National Academies reports that followed the 2014 report have recommended that EPA not use
the risk of bias analysis to exclude studies. For example, the 2021 National Academies report
The Use of Systematic Review in EPA’s Toxic Substances Control Act Risk Evaluations explicitly
recommends that EPA “not exclude studies based on risk of bias, study quality, or reporting
quality” (NASEM, 2021, p. 40).

Because financial ties of the investigators can be strongly associated with favorable
outcomes for the sponsors, even when taking into account other risks of bias, NRC (2014} also
recommended that funding sources be considered in the risk-of-bias assessment for individual
studies included in systematic reviews that are part of an IRIS assessment. That recommendation
was based largely on evidence obtained from clinical studies because less was known at that time
about the extent of funding bias in animal research. Since the 2014 report was published,
evidence for funding bias in both the preclinical human and animal literature has increased, as
discussed in Chapter 2 of this report. This recommendation has not been addressed.

CRITIQUE OF METHODS FOR STUDY EVALUATION

The committee’s critique of study evaluation methods in the handbook focuses mainly on
human epidemiological and experimental animal toxicology studies. Evaluations of PBPK and
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PK models and data relevant to mechanisms of toxicity are discussed at the end of this critique
section. The objectives of handbook Chapter 6 are clear and represent an important step in the
IRIS assessment process. Furthermore, study evaluation is a critical step in systematic review
methods. While much of the study evaluation process is clear and well defined, the committee
identifies two major areas where a lack of clarity in the handbook is likely to inhibit
operationalization, transparency, and reproducibility of the study evaluation process. The first
area relates to the description of how studies evaluated to have certain confidence ratings will be
used in future steps of the IRIS assessment. The second, more substantive, area relates to a lack
of clear delineations among the separate concepts of risk of bias, reporting quality, study
sensitivity, and other standard concepts in systematic review. The lack of clarity is particularly
complicated in the context of IRIS assessments, due to the apparent differences in how study
evaluation has historically occurred for human studies and animal and toxicological studies.
While Thayer (2021) and EPA’s written responses to the committee’s questions provided
important clarifications in both of these areas and left the committee confident that IRIS staff are
evaluating studies appropriately, deficiencies and ambiguities in the text of the handbook
threaten the ability to guide transparent, credible reviews of the evidence.

How Study Confidence Ratings Are Used Throughout the IRIS Assessment Process

The handbook explicitly states that study evaluation is performed in the context of a
study’s utility for identification of individual hazards, rather than the usability for dose-response
analysis. The committee notes confusion about how studies’ confidence ratings will be used
toward this purpose. A major concern is that studies that are judged as “critically deficient” or
“deficient” in one evaluation domain are typically rated as “uninformative” or “low confidence”
studies that are generally not considered further in the IRIS assessment. The text anticipating this
apparent exclusion of certain studies from future consideration based on their study evaluation
determination (p. 6-6 of the handbook) does not represent a practicable, repeatable process. The
text of the handbook addresses which confidence judgments correspond to more or less weight in
later evidence synthesis and integration, acknowledging that such a determination may depend
on what other studies on the exposure/endpoint are available and allowing for additional
consideration on the basis of whether a confidence judgment results from sensitivity or other
concerns. This handbook text gives the impression that certain studies are excluded from future
review in the IRIS assessment process based solely on the individual study evaluation rating,
when in practice such determinations are reached at other points in the process. During the
presentation by Thayer (2021) and in written responses to the committee’s questions, EPA
clarified that “deficient” and “critically deficient” judgments can be quite varied and that “low
confidence” studies are not typically excluded. However, EPA provided data from recent IRIS
assessments showing that the proportion of human studies rated as “uninformative” and excluded
from further consideration ranged from 0 to 50 percent, and 0 to 41.5 percent for animal studies.
Thus, depending on the IRIS assessment, excluding studies at the study evaluation stage could
lead to a substantial proportion of excluded studies due to a critically deficient rating in one
domain. The importance of robust and transparent information, properly contextualized within
the framework of the entire systematic review, suggests, as recommended in NASEM (2021),
that study evaluation ratings should not be used to exclude studies. “Organizing the hazard
review” or “evidence synthesis” are two possible process points for a decision about study
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exclusion, with the exclusion or practical allocation of zero or nonzero weight to any given study
being determined in the context of information available across studies.

Risk of Bias and Other Quality Assessment Items (Sensitivity and Reporting Quality)

Standard procedures for systematic review, which have a longer history in human clinical
studies than in animal toxicological studies, evaluate studies on the basis of risk of bias and
internal validity (Higgins and Thomas, 2019). The handbook augments study evaluation to
consider, in both human and animal studies, the additional quality assessment items of sensitivity
and reporting quality. The inclusion of these additional quality assessment items was anticipated
in NRC (2014) and has precedent in animal toxicological studies (Hooijmans et al., 2018; NTP,
2019). However, the distinctions among the concepts of risk of bias, reporting quality, and
sensitivity are not always clearly delineated in the handbook, and some considerations have clear
overlap with more established concepts in systematic review. This mixing of concepts is prone to
inhibit transparency and reproducibility in documenting how each concept is incorporated into
domain judgments and study confidence ratings. Operationally, these concepts are sometimes
considered collectively when evaluating domains, complicating an ultimate evaluation where
elements of one concept can be incorporated into a judgment in multiple domains and be
simultaneously cited as their own evaluation concerns. As such, it is difficult to see exactly how
the procedure in the handbook would avoid “double counting” a single issue in multiple
domains. Some concepts could conceivably be considered outside the study evaluation portion of
the systematic review. Differences between the description of these concepts in the human
epidemiological studies and the animal toxicological studies suggests two distinct study
evaluation processes, yet both use the same terminology which furthers the confusion.

Risk of Bias

Of the three concepts, risk of bias and its attendant evaluation procedures show the most
commonality and a high degree of concordance with other documented processes for systematic
review. Reliance on the ROBINS framework for human studies has a clear precedent, although
the committee notes there are documented difficulties in applying this framework in practice
(Minozzi, et al., 2019; Igelstrom et al., 2021). The handbook’s adaptations to address the types of
studies typically encountered in environmental and occupational epidemiology are appropriate.
IRIS program staff members are actively engaged in the development of a Risk of Bias in Non-
randomized Studies of Exposures (ROBINS-E) (Morgan et al., 2017) counterpart to the existing
ROBINS-I, as evidenced in the adaptations that appear in the handbook. Participation in this
ongoing development renders IRIS staff well positioned to implement any eventual documented
ROBINS-E framework, but the evolving nature of this framework is noteworthy, and limitations
to the ROBINS-E framework have been noted (Bero et al., 2018).

Sensitivity
The handbook discusses the purportedly distinct concept of sensitivity as the ability of a
study to detect a true association, with insensitive studies prone to produce “false negative”

results. Low sensitivity in both the animal toxicological and human epidemiological studies is
generally described as “bias toward the null,” which might arise due to certain types of exposure
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measurement error, and also in terms that relate directly to study precision, such as sample size,
which would represent an issue distinct from bias. The committee viewed this notion of
sensitivity as a less established construct than others used in systematic review, noting that it
actually touches on several more established concepts, including (but not limited to) precision,
risk of bias, generalizability, and other study features that relate to design or choice of endpoints
that might be evaluated relative to refined population, exposure, comparator, outcome (PECO)
statements (Higgins and Thomas, 2019). The Cochrane Handbook notes, “Bias should not be
confused with imprecision. Bias refers to systematic error, meaning that multiple replications of
the same study would reach the wrong answer on average. Imprecision refers to random error,
meaning that multiple replications of the same study will produce different effect estimates
because of sampling variation, but would give the right answer on average” (Higgins and
Thomas, 2019, p. 179). Precision is related to the sample size of the study and confidence
interval around the effect estimate, and a study that lacks precision may produce a “false
negative” by virtue of random (sampling) variability. Thus, a null result due to lack of precision
should not be described as “bias toward the null” as though it were a study feature (e.g., exposure
measurement error) that might produce systematic error toward the null.

The Cochrane Handbook also notes, “Bias should not be confused with the external
validity of a study, that is, the extent to which the results of a study can be generalized to other
populations and settings” (Higgins and Thomas, 2019, p. 179). A study judged as insensitive due
to the choice of population features (or exposure levels or follow-up periods) could produce what
the handbook describes as a “false negative” by virtue of a lack of generalizability between the
results of the study and the population (or exposure levels or follow-up periods) for which the
risk assessment is of primary interest. That is, characteristics such as populations (or exposure
levels or follow-up periods) dictate the precise exposure-response association that a particular
study may address, and key questions about how that particular exposure-response association
relates to the goal of the risk assessment should not be confused with “bias toward the null” or
study quality, more generally. For example, EPA may posit a critical age at exposure, susceptible
subgroup, exposure regimen of primary concern, window of exposure, and endpoints of interest.
The systematic review may then identify a set of studies that address the agent of interest and
outcome of interest, but classify a study as “low sensitivity” if it does not evaluate the ages,
subgroups, exposure patterns, or temporal periods of effect that EPA has hypothesized are of
most interest. Such a study may not be biased, and it may be adequately powered to detect the
particular exposure-response association under study; yet EPA may still characterize it as “low
sensitivity.” In such cases, EPA has implicitly changed the question being evaluated—from one
that is general (“Does the agent affect the endpoint?”) to one that 1s narrower (“Does this study
evaluate the effect of the agent on the endpoint in the period of follow-up, when we posit the
effect will be largest?”). Judging a study as “low sensitivity” due to these types of study features
should not downgrade the study’s evaluation with regard to hazard identification but rather
should be judged as addressing the agent’s impact under a defined exposure scenario for a
defined period of observation. A study designated as “low sensitivity” may provide useful
evidence of effect heterogeneity (across different populations or exposure levels) or offer
supporting evidence for other studies that consider more relevant exposure duration or follow-up
periods (similar to the concept of a “negative control”). How exactly a particular exposure-
response association being evaluated in a given study relates to the goals of the risk assessment
could be captured through the study’s relationship with the PECO statement, provided that such
a PECO statement had been refined from the original broad PECO statement posited in the
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problem formulation stage. Insofar as some of the human epidemiological or animal
toxicological studies may be more or less relevant for the IRIS assessment, a general judgment of
“whether there are factors in the design and conduct of the study that may reduce its ability to an
observe an effect, if present” (EPA, 2020a, Table 6-1, p. 6-2) may not fully capture the different
ways in which studies that target varying components of an exposure-response association might
contribute to hazard identification. The systematic review infrastructure offers the opportunity to
consider such studies in relation to the broad and refined PECO statements when judging
relevance for the risk assessment, rather than use their features to determine sensitivity or study
quality.

For evaluation of human epidemiological studies, the handbook briefly notes the concept
of defining “an ‘ideal’ design (i.e., a study design with no risk of bias and high sensitivity) for
the review question” (EPA, 2020a, p. 6-9) to be used as a reference point in gauging domain-
specific ratings. The committee acknowledges the potential controversy surrounding the use of
the “ideal design” in observational epidemiology when a randomized controlled trial is
designated as the ideal. However, the committee emphasizes that while this concept is most
typically used to assess risk of bias, it also encompasses (as noted on p. 6-9 of the handbook)
study features, such as population definition, exposure window, and follow-up period. As such,
the concept of an “ideal design” could potentially play a more explicit role in the handbook for
clarifying how the particular exposure-response association being investigated in a given study
relates to the “ideal” exposure-response association defined by a particular population of interest,
exposure window, follow-up period, or other considerations.

Finally, some aspects of sensitivity discussed in the animal toxicological studies were
viewed as overlapping with notions of reporting quality, possibly due to their inherently
subjective nature. For example, considerations described as “outcome measures and results
display” within the sensitivity domain include prompting questions such as “Does the level of
detail allow for an informed interpretation of the results” and listed general considerations
include “use of unreliable methods,” which would both point toward considerations that could be
considered in the reporting quality evaluation. Clear, concrete criteria and guidelines for each
domain of study sensitivity would emphasize delineation with other study quality concepts and
improve transparency and operationalization. Given that it only takes a single “critically
deficient” element to be deemed “uninformative,” the criteria for what constitutes a “critical
deficiency” need to be unambiguously stated.

While many of the components of study sensitivity discussed in the handbook are
important for study evaluation, the lack of alignment with other more established concepts in
systematic review inhibits transparency of the study evaluation. While the handbook is clear that
study features concerning sensitivity that may be evaluated in other bias domains should not be
“double counted” in the sensitivity domain, a lack of guidance on how to allocate judgments
about these features across multiple domains hinders operationalization and repeatability of the
study evaluation process. A more focused description of the elements of sensitivity that are not
overlapping with other parts of the systematic review process or other more established
systematic review concepts would aid operationalization of the handbook. In addition to
consideration of sensitivity relative to concepts such as precision and generalizability, concepts
such as “directness and applicability” (NTP, 2019), judgments of a study’s relation to PECO, or
more concrete descriptions of the notion of an “ideal design” in the ROBINS framework (for the
human epidemiological studies) would provide a more transparent way to document how a study
may or may not contribute to ultimate risk assessment.

52 Prepublication Copy

ED_013283_00000680-00066



Study Evaluation

Overall, the handbook’s discussion of sensitivity addresses many concepts that are
important for study evaluation, but describing these distinct concepts with the term “sensitivity
is ambiguous and leads to a definition of sensitivity that is potentially overlapping with more
established concepts of study evaluation and systematic review, as well the potential for some
elements of study sensitivity to be evaluated relative to PECO statement(s). Consideration of
these concepts is essential, but the ambiguity and overlap of concepts hinder operationalization,
repeatability, and transparency of the study evaluation procedures. Issues relating to study
precision and generalizability in particular might be appropriately separated from evaluation of
study quality or bias. The committee acknowledges that there may be aspects of what is currently
described as study sensitivity that may not be naturally captured in other systematic review
concepts. Examples from Table 6-9 (p. 6-32) of the handbook that might warrant isolation as
quality assessment items separate from risk of bias, precision, or generalizability include
chemical administration and characterization and results presentation. If quality assessment items
require isolation from other systematic review concepts, these aspects warrant a precise
definition alongside an explicit procedure for operationalizing their consideration as distinct
elements of study evaluation. References to such concepts in the literature on environmental
health and other disciplines would strengthen the rationale for their use as distinct concepts in the
systematic review context. Should EPA maintain study evaluation concepts that are currently
described as sensitivity considerations and cannot be captured with more established terminology
for systematic review, the use of a word other than “sensitivity” to describe these necessary
aspects would avoid confusion with several other technical and colloquial meanings of the word
“sensitivity.”

3%

Reporting Quality

The final quality assessment item considered in Chapter 6 of the handbook is reporting
quality, which receives strikingly different discussion between the human epidemiological and
animal toxicological studies. Inclusion of reporting quality as a quality assessment item is
atypical in systematic review protocols but, as with sensitivity, has more recently emerged in
systematic reviews of animal toxicological studies (SYRCLE [Hooijmans et al., 2018 and NTP,
2019). In the human studies, reporting quality is to be considered alongside risk of bias in each
domain, whereas in the animal studies reporting quality is explicitly identified as a separate
domain. The detail around reporting quality in animal toxicological studies is not mirrored in the
discussion of human epidemiology studies. The committee appreciates the potentially broader set
of factors that may dictate reporting quality in epidemiological versus experimental toxicological
studies, but it questions the apparent guidance that notions of reporting quality require such
different treatment in the human epidemiological versus animal toxicological studies. If there are
specific reasons why reporting quality requires such a different role in these different types of
studies, they are not made explicit in the handbook. The handbook does not provide sufficient
guidance as to how reporting quality should be used to inform judgments in the risk of bias
domains in the human studies, and the apparent subjectivity in this assessment inhibits
transparency and operationalization.

The handbook text on experimental animal toxicology studies indicates that the IRIS
program considers reporting quality to be a first consideration of whether the study has reported
sufficient details to conduct a risk of bias and sensitivity assessment, noting that studies that do
not report basic information are typically rated as “uninformative.” The criteria for evaluating
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reporting quality are unambiguous and what would constitute a “critically deficient” judgment in
the reporting quality domain is clear, logical, and consistent with prior National Academies
reports (Table 6-9 of the handbook, p. 6-32). As with some components of study sensitivity, the
committee identifies opportunities for elements of reporting quality to have been considered at
other points in the systematic review, for example, in relation to the PECO statement, where an
inability to discern (e.g., due to poor reporting quality) the animal species, sex, or exposure route
or duration might lead to exclusion of a study for an inability to judge its fitness with the PECO
statement, much less evaluate the study for risk assessment. In addition, and also in common
with the sensitivity quality assessment, the committee identifies what could be considered
overlap between some of the cited features of reporting quality and other considerations that are
more commonly regarded as risk of bias domains. For example, the risk of bias assessment could
conceivably be expanded to include domains for “outcome ascertainment” and “participant
selection” (as is done in the human epidemiological studies), in which case issues related to
reporting on the assays or procedures used to measure the endpoint or the species or sex of the
animal could be naturally subsumed within a more standard risk of bias assessment.

Overall, the committee notes the usefulness of the specific reporting quality elements
described in the critical information for animal toxicological studies, but it could not identify
why a similar level of detail was absent from the discussion of human studies or why some
concepts such as test animal and exposure methods required consideration outside of traditional
risk of bias domains or PECO considerations. A transparent and repeatable review process
requires either explicit guidance for how to incorporate reporting quality into individual risk of
bias domains or an explicit rationale for two separate processes for assessing reporting quality in
human and animal study evaluation. In either case, explicit rationale for isolating elements of
reporting quality from established systematic review concepts would aid operationalization of
the study evaluation process.

Co-exposures

The committee recognizes the difficulty and evolving landscape of methodology for
handling co-exposures in environmental and occupational epidemiology and animal toxicology,
which might include chemical mixtures or non-chemical stressors. The handbook confines this
discussion to the confounding domain in human epidemiological studies, but broader
considerations are evolving in the literature. Consequences of co-exposures for risk assessment
could include (but not be limited to) (1) multicolinearity and confounding of the health effect
associated with the primary exposure, synergy, or interaction such that the health effect of one
agent may be altered by the presence of a co-exposure; and (2) generalizability, where changes in
co-exposures across populations hinder the transportability of results across populations. The
near ubiquity of complex exposure mixtures warrants future consideration in refinement of study
evaluation processes for IRIS assessment as this methodological area continues to evolve.

Study Evaluation Methods for PK Models, PBPK Models, and Mechanistic Evidence
Section 6.5 of the handbook indicates that a PK model or PBPK model must be evaluated
before it can be accepted for use in an IRIS assessment. It appears that the evaluation would be

carried out in parallel with, rather than as part of, a systematic review. Scientific and technical
criteria for judging the suitability of a model include evaluating:
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e Representation of a chemical mode of action by the model’s structure and equations,
based on available scientific information,

e Availability of the computer code and apparent completeness of parameter listing and
documentation,

e Implementation of the conceptual model in the computational code,

e Use of appropriate parameters in the model, and

e Reproducibility of model results reported in scientific publications.

The committee considers the model evaluation approach described in the handbook to be
adequate.

Mechanistic Evidence

The pilot testing approach for mechanistic data is described in Section 6.6 of the
handbook. The committee considers that approach to be reasonable, as it is analogous to the
approach for evaluation of animal toxicological studies (see handbook Table 6-10, beginning on
p. 6-48). The issues identified with respect to sensitivity in animal studies are also relevant to
the methods for evaluation of mechanistic evidence, and need to be considered accordingly.

FINDINGS AND RECOMMENDATIONS
Findings and Tier 1 Recommendations

Finding: The handbook describes circumstances under which a study may be excluded from the
systematic review based on the outcome of the study evaluation. However, such exclusion is
inconsistent with recent recommendations to incorporate study evaluation ratings within the
context of evidence synthesis. For example, see the 2021 National Academies report The Use of
Systematic Review in EPA’s Toxic Substances Control Act Risk Evaluations and the Cochrane
Handbook for Systematic Reviews of Interventions.

Recommendation 4.1: The handbook should not use the results of study evaluation as
eligibility criteria for the systematic review. [Tier 1]

Finding: The quality assessment item described as “sensitivity” covers important concepts, but
is ambiguous and under-operationalized, as it covers aspects of internal validity, external
validity, and statistical precision that overlap with other more commonly accepted features of
systematic review that may be better assessed at other stages of the systematic review process.

Recommendation 4.2: EPA should evaluate whether aspects currently captured in the
notion of “sensitivity” might be better described in the handbook with more established
terminology (e.g., precision or generalizability) or better addressed at other points of the
systematic review (e.g., risk of bias assessment or evaluation relative to PECO
statement[s]). Otherwise, the handbook should provide a more concrete definition of
“sensitivity” and a procedure for operationalizing its use in the study evaluation step.
[Tier 1]
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Finding: The use of reporting quality as a distinct quality assessment item for study evaluation is
not standard for systematic reviews, and procedures for evaluating reporting quality are very
different for the human epidemiological and animal toxicological studies. Reporting quality is
included within other evaluation domains for human studies, with almost no specific guidance on
how to incorporate reporting quality within these domains. This presents the possibility of
downgrading a study quality rating without any specific evaluation criteria. For animal studies,
reporting quality is described in detail as a separate evaluation domain but with some aspects that
overlap with other systematic review concepts such as risk of bias or external validity. The
handbook notes that reviewers should reach out to study authors to obtain missing information in
animal toxicological studies, but it provides no such reference to obtaining information from
authors of human epidemiological studies.

Recommendation 4.3: The handbook should address the apparent difference in assessing
reporting quality between the human epidemiological and animal toxicological studies by
either (1) assessing reporting quality similarly in both types of studies or (2) providing an
explicit rationale for why the concepts require different assessment procedures in
different types of studies. In either case, the handbook should provide an explicit
rationale for isolating elements of reporting quality from established systematic review
concepts and evaluate whether aspects currently described as reporting quality might be
better addressed at other points of the systematic review process. [Tier 1]

Finding and Tier 2 Recommendation

Finding: Operationalizing the steps for conducting the study evaluation is opaque from the text
of the handbook but greatly clarified by presentation of how many steps are operationalized with
the Health Assessment Workspace Collaborative (HAWC).

Recommendation 4.4: EPA should redraft the handbook to harmonize descriptive text
with illustrations of how steps for conducting the study evaluation are operationalized in
practice, using the presented material as needed. It is evident that all IRIS assessments will
be performed using HAWC or similar software. Screen shots illustrating key steps would
greatly improve conceptual understanding and operationalization (similar to Figures 6-2
and 6-3 of the handbook). Additional step-by-step instructions with screenshots could be
included as supplementary material or links to other content. [Tier 2/

Finding and Tier 3 Recommendation

Finding: Consideration of how multiple co-exposures or chemical mixtures may relate to
assessing risk of bias or other quality assessment items is limited to a discussion of potential
confounding, which may not fully capture the possible impact on systematic review.

Recommendation 4.5: EPA should monitor ongoing methodological development in
assessing risk amid environmental co-exposures or mixtures in order to update explicit
guidance on their potential roles in the evaluation of human epidemiological and animal
toxicological studies. [Tier 3]
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In this chapter, the committee reviews the following chapters of the ORD Staff Handbook
Jor Developing IRIS Assessments (the handbook): “Analysis and Synthesis of Human and
Experimental Animal Data” (Chapter 9), “Analysis and Synthesis of Mechanistic Information”
(Chapter 10), and the portions of “Evidence Integration” (Chapter 11) that discuss synthesis
(EPA, 2020a). The committee’s review of those chapters considered whether the approaches to
evidence synthesis are scientifically sound. It also examined whether the considerations
presented in those handbook chapters are sufficiently broad to allow for application to the wide
range of scenarios expected to be encountered when applied to individual Integrated Risk
Information System (IRIS) assessments. In addition, the committee considered whether the
methods presented in those handbook chapters are sufficiently clear in describing the intent to
synthesize the relevant evidence and incorporate study evaluation conclusions, regardless of the
study results (Question 6a, Appendix B).

OVERVIEW OF EVIDENCE SYNTHESIS AS COVERED IN THE HANDBOOK

The U.S. Environmental Protection Agency (EPA) IRIS process for evidence synthesis is
presented in Chapters 9, 10, and 11. The purpose of these chapters is to summarize and interpret
the results across all informative health effect studies within both human and animal streams and
to integrate those data to draft hazard synthesis sections describing human and animal toxicity
data. Approaches for analyzing mechanistic data on endpoints that lead to, or modify, the
development of adverse outcomes are provided in Chapter 10. In addition to what was provided
in the handbook, the committee relied significantly on EPA’s presentation (Thayer, 2021).
Screenshots of the Health Assessment Workspace Collaborative (HAWC) within-evidence
stream judgment process were critical for understanding the approaches incompletely described
in Chapter 9 and then redundantly, though not consistently, reiterated in Chapter 11.

A goal of the handbook is to enhance transparency of EPA’s “guided expert-judgment”
process. This is consistent with recommendations from the 2014 National Academies report
Review of EPA’s Integrated Risk Information System (IRIS) Process to

develop templates for structured narrative justifications of the evidence-integration
process and conclusion. The premises and structure of the argument for or against a
chemical’s posing a hazard should be made as explicit as possible, should be connected
explicitly to evidence tables produced in previous stages of the IRIS process, and should
consider all lines of evidence (human, animal, and mechanistic) used to reach major
conclusions. (NRC, 2014, p.106)
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CRITIQUE ON EVIDENCE SYNTHESIS

The HAWC approach presented by EPA (Thayer, 2021), including factors that increase
certainty and factors that decrease certainty, seems to be a meaningful move toward
transparency. That said, Table 9-1 (p. 9-3) and Table 11-1 (p. 11-5) are inconsistent in
descriptions of the considerations, and Table 11-1 appears more representative of the process.
Chapters 9 and 11 are not clearly organized with respect to where synthesis stops and integration
starts. As there is no conclusion at the end of Chapter 9, it is not clear what is accomplished in
that chapter. If two chapters would cover synthesis/integration, the first chapter could address
Step 1 (pp. 11-2 to 11-3; within-stream judgments) and the second chapter could address Step 2
(across streams).

Unit of Analysis

Given the committee’s understanding of the handbook, the process or method for
evidence synthesis, particularly in Chapter 9, is not clearly or consistently described. With the
understanding that HAWC is a dynamic system, Table 9-1 is not consistent with the column
headers and criteria in the HAWC interface, namely Studies, outcomes, and confidence;
Summary of key findings; Factors that increase certainty (consistency, dose-response, coherence
of effects, larger or concerning magnitude of effect, mechanistic evidence providing plausibility,
medium or high confidence studies, other); and Factors that decrease certainty (unexplained
inconsistency, imprecision, lack of expected coherence, evidence demonstrating implausibility,
low confidence studies). Furthermore, Table 9-2 (p. 9-6) introduces individual and social factors
that may increase susceptibility to exposure-related health effects but without specifying how
those factors are considered in the within-stream evidence judgment. Presumably in the “Factors
that increase/decrease certainty” column both susceptibility and publication bias can be noted.
These options could be more clearly categorized as “Other” if Table 9-1 was redesigned to match
the HAWC judgment boxes. Also, the role of natural experiments in Chapter 9 is out of step with
how risk of bias is discussed in the study evaluation chapter. Natural experiments are a study
design, which can be evaluated using risk of bias criteria suited to that study design; they are not
a consideration for evidence synthesis as stated in Table 9-1. In general, using HAWC, the
methods associated with within-stream evidence judgments can be implemented in a transparent
manner, but that is not yet clearly communicated in the handbook.

The evidence synthesis approach in general is sufficiently broad to allow for application
to a wide range of scenarios. Yet, the committee often stumbled on different terminology used
and that supported the need for glossary definitions for “endpoint,” “[health] outcome,” “health
effect,” “bodies of evidence,” and “streams.” In a systematic review framework, the individual
“bodies of evidence” need to be prespecified. It is recommended in Chapter 3 of this report that
this be accomplished through the development of a series of “refined” population, exposure,
comparator, outcome (PECO) statements informed by the literature inventory/evidence map
(which utilized a “broad” PECO statement) and specified in the assessment protocol.

A related element of confusion is the “unit of analysis” of the synthesis step. In Chapter
9, it appears that there are only two “bodies of evidence”—animal and human—for each health
effect. On the other hand, in Chapter 11, it is noted that “inferences” may be drawn from “a finer
level of specificity of effect” and then used “to draw conclusions about the broader health effect
categories.” Additionally, Chapter 11 states that “evaluation of strength of ... evidence will
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preferably occur at the most specific health outcome level possible” (EPA, 2020a, p. 11-8).
Indeed, in Table 11-1, it appears that the template evidence profile table suggests that “separate
rows by outcome,” possibly also by study design, are permitted and that each “row” that
undergoes synthesis results in a strength of evidence judgment. However, in EPA’s presentation,
an example was presented where liver effects in animals were separated by “clinical chemistry”
and “histopathology,” but only a single strength of evidence judgment was presented (Thayer,
2021).

A corollary issue is that in a systematic review framework, mechanistic and toxicokinetic
(TK) data or pharmacokinetic (PK) and physiologically based pharmacokinetic (PBPK) models
play a narrow role in evidence synthesis of animal and human bodies of evidence, primarily
limited to the evaluation of consistency. However, as described in Chapter 3 of this report, in
some cases, mechanistic endpoints may be considered as discrete endpoints that will undergo
evidence synthesis. If those endpoints involve in vivo animal or human data, the approach to
evidence synthesis for animal and human data streams is appropriate.

In vitro or non-traditional evidence streams present more of a challenge and are currently
an area of rapid evolution. The handbook has outlined a reasonable approach to evaluating in
vitro data in Chapter 10, with the synthesis approach shown in Chapter 11. These represent
reasonable approaches but are likely to change substantially with time.

Choices of Methods

The evidence synthesis approach outlined in the handbook appears to be a “hybrid” of a
guided expert judgment approach (e.g., Hill, 1965; IARC, 2019; Samet et al., 2020) and a more
structured approach (e.g., Grading of Recommendations Assessment, Development and
Evaluation [GRADE] [Balshem et al., 2011; Guyatt et al., 2011]; NTP, 2019). For instance,
while the considerations delineated appear primarily to be based on the Bradford Hill
considerations (with the addition of “study confidence,” which includes risk of bias), the
structure of the analysis resembles GRADE but without the explicit up-rating and down-rating of
evidence. The committee reiterates the view of the NRC (2014) report withholding an explicit
recommendation to choose either guided expert judgment or a structured approach. The
committee notes that the handbook’s evidence synthesis framework does not rely on the
Bradford Hill considerations (1965) alone but also is aligned with multiple more modern
evidence evaluation frameworks, including Cochrane (Higgins and Thomas, 2019), GRADE,
NTP (2019), and the Navigation Guide (Woodruff and Sutton, 2014.

More problematically, however, the considerations outlined in evidence synthesis appear
to mix in some elements of evidence integration, particularly through the concepts of coherence
and biological plausibility. The result is confusing, especially when combined with the
challenging transition between Chapter 9 and 11, described above. Most systematic review
frameworks do not include the concept of “coherence” in the evidence synthesis step, because
that would involve bringing in information from outside the evidence being evaluated. Moreover,
the application of “coherence” as described in the handbook appears more appropriate either (1)
during planning of the assessment (the biological relationship among different endpoints) or (2)
during evidence integration (through incorporation of mechanistic data). The concept of
“biological plausibility” is largely absent in most systematic review frameworks except perhaps
in the concept of “indirectness” used by GRADE and Cochrane. Overall, the applications of
“biological plausibility” in the handbook appear to either (1) address considerations already
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covered elsewhere, such as consistency; (2) be more appropriate to consider during evidence
integration; or (3) involve comparison with data on mechanistic effects. The latter two are more
appropriate to incorporate during the evidence integration step.

Finally, the consideration of natural experiments is inappropriate in Chapter 9 of the
handbook. They should already have been considered in “study confidence,” since the criteria
used for study evaluation will depend on the design of the study and these criteria are discussed
in Chapter 4 of this report.

The remaining considerations—study confidence, consistency, strength (effect
magnitude) and precision, and biological gradient/dose-response—are closely aligned with
existing systematic evidence evaluation frameworks, such as Cochrane, GRADE, NTP, and the
Navigation Guide. This is appropriate because the Bradford Hill considerations encompass both
evidence synthesis and evidence integration, while modern evidence evaluation frameworks
make an explicit distinction between them in order to promote greater transparency and
consistency.

Logistics

Chapter 9 of the handbook provides a limited discussion on data visualization (p. 9-7)
including a forest plot for trichloroethylene, but there is much less emphasis on data
visualizations within evidence streams compared to that in Chapter 6. Trend analyses could also
be helpful in the analysis and synthesis of within-stream studies.

The committee noted a concern that the IRIS process could become very bogged down
during the within-stream judgment process, given the statement in Chapter 9 that “evidence
synthesis is an iterative process” (EPA, 2020a, p. 9-1). This concern is compounded by the lack
of clarity around who is actually doing the analysis (“assessment team and disciplinary
workgroups (as needed)”). It would be useful to more clearly define who is responsible for
conducting the synthesis and indicate for quality control that some consensus is needed on the
final judgments. Additionally, Table 9-1 suggests in “coherence” that “these analyses may
require additional literature search strategies.” It is not clear to the committee why additional
literature review would arise at this late stage of the assessment. Collectively, these concerns
reflect the committee’s concern that the timeliness of evaluations could be adversely impacted
based at least on how Chapter 9 of the handbook is presented.

FINDINGS AND RECOMMENDATIONS
Findings and Tier 1 Recommendations

Finding: The handbook is confusing as to the transition from the synthesis step (within a data
stream) to integration (across data streams), in particular because many considerations for
synthesis are repeated (with slight variation) in Chapters 9 and 11.

Recommendation 5.1: The handbook should consolidate its discussion of evidence

synthesis in a single place. The discussion should include all of the considerations

involved in making strength of evidence conclusions (currently in Chapter 9}, as well as

the criteria for different strength of evidence judgments (currently in Chapter 11). The
handbook chapter describing synthesis of evidence should end with the methods for
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reaching strength of evidence conclusions for each unit of analysis, and how these are
carried forward to evidence integration. [Tier 1]

Finding: The “unit of analysis” for evidence synthesis and the strength of evidence conclusion is
unclear, in terms of the breadth or narrowness of the evidence being synthesized. Although the
handbook states that the evaluation of strength of evidence “will preferably occur at the most
specific health outcome possible,” the process for doing so is not clear (EPA, 2020a, p. 11-8).
For instance, in a case where liver clinical chemistry and liver histopathology (both in animals)
are synthesized separately, will they each receive a strength of evidence judgment, will there be
a single overall strength of evidence judgment for liver toxicity, or will strength of evidence
judgments occur both individually and together?

Recommendation 5.2: The unit of analysis for evidence synthesis and strength of
evidence conclusions should be clearly defined as specified by the refined PECO
statements recommended in Chapter 3 of this report. For example, a unit of analysis
could be defined at the endpoint level (e.g., clinical chemistry) or outcome level (e.g.,
liver toxicity). If judgments may be made at both the endpoint and health outcome levels,
details should be provided on how these judgments and the methods used to make them
arc distinct from each other. [Tier 1]

Finding: The guided expert judgment approach that EPA uses does not describe how to specify
the initial rating for the strength of evidence evaluation. The approach does not include explicit
criteria for up-rating and down-rating evidence and does not include sufficient information to
operationalize the approach.

Recommendation 5.3: The handbook should provide justification for the initial rating
for strength of evidence, as well as more detailed operationalization of the criteria used to
upgrade or downgrade the evidence. [Tier 1]

Finding: The considerations around mechanistic and TK data and PK or PBPK models outlined
in evidence synthesis appear to mix in some elements of evidence integration, particularly
through the concepts of coherence and biological plausibility, because they rely heavily on
evidence outside of the “unit of analysis.”

Recommendation 5.4: The handbook should restrict the applications of mechanistic and
TK data or PK models in evidence synthesis and strength of evidence judgments to those
relevant to each individual unit of analysis, such as addressing consistency and
indirectness of evidence. Other applications of mechanistic and TK data or PK models,
such as addressing coherence and elements of biological plausibility, could be addressed
in evidence integration, either as a separate evidence stream or as support for the human
or animal evidence streams. This recommendation should be implemented in the planning
stage and reflected in the protocol (see Recommendation 3.9). [Tier 1]
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Finding and Tier 2 Recommendation

Finding: Consideration of “natural experiments” is not part of evidence synthesis but rather part
of study evaluation.

Recommendation 5.5: EPA should remove discussion of natural experiments in the
context of evidence synthesis in the handbook. That discussion could possibly be

repurposed in the context of the handbook’s Chapter 6 “Study Evaluation.” [Tier 2/

No Tier 3 recommendations were presented in this chapter.
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This chapter provides the committee’s review of Chapter 11 of the ORD Staff Handbook
Jor Developing IRIS Assessments (the handbook), “Evidence Integration” (EPA, 2020a). The
committee considered whether the approaches described in that chapter of the handbook are
scientifically sound and appropriate for integrating the various types of evidence relevant to
investigating the potential for human health effects from exposure to environmental chemicals.
The committee also commented on approaches for developing overall integration judgments that
involve using three versus five categories of judgment levels (Questions 6b and 7 in Appendix B).

OVERVIEW OF THE HANDBOOK’S MATERIAL ON EVIDENCE INTEGRATION

Chapter 11 of the handbook maps out the process the Integrated Risk Information System
(IRIS) program intends to use for integrating human, animal, and mechanistic data to assess the
human health hazard of the chemical being reviewed. Details are provided on the proposed
evidence integration narratives with summary judgments and supporting rationale for these
decisions. Although evidence integration is typically a stand-alone step in the systematic review
process used to summarize data across evidence streams, there is overlap in the handbook with
Chapter 9 “Analysis and Synthesis of Human and Experimental Animal Data,” which provides
general considerations for evidence synthesis within a data stream.

The National Institute of Environmental Health Science’s Office of Health Assessment
and Translation (OHAT) Handbook for Conducting a Literature-Based Health Assessment Using
OHAT Approach for Systematic Review and Evidence Integration describes three distinct steps
following the risk of bias assessment: synthesizing the evidence (within human and animal
streams), rating the confidence in the body of the evidence, and integrating the evidence
(integrating human and animal evidence and considering mechanistic evidence) (NTP, 2019).
The judgments developed in the evidence integration step are intended to directly inform the
hazard identification and dose-response analysis. These steps, which OHAT defines as sequential
but independent steps in the systematic review process, are nearly indistinguishable in Chapter
11 of the handbook.

RESPONSIVENESS TO PREVIOUS NATIONAL ACADEMIES REPORTS

Evidence integration has long been a challenge in toxicological systematic reviews, and
previous National Academies reports have provided the U.S. Environmental Protection Agency
(EPA) with several suggestions to improve the process. The 2011 National Academies report
Review of the Environmental Protection Agency’s Draft IRIS Assessment of Formaldehyde
recommended the development of a standardized approach for evidence integration (NRC,
2011). The 2014 National Academies report Review of EPA’s Integrated Risk Information
System (IRIS) Process commended EPA on its progress (NRC, 2014). That report provided
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additional recommendations to the IRIS program for developing a more systematic process for
evidence synthesis and integration to enhance transparency, efficiency, and scientific validity.
The development of standardized, structured evidence tables was recommended by both the 2011
and 2014 reports to support the evidence judgments and narratives. The 2018 National
Academies report Progress Toward Transforming the Integrated Risk Information System (IRIS)
Program: A 2018 Evaluation assessed changes that EPA implemented or planned to implement
in response to the recommendations in the 2014 National Academies report (NASEM, 2018).
Based on a review of materials presented by EPA to the authoring committee, the 2018 report
indicated that the process and framework for evidence integration were consistent with state-of-
the-art approaches taken by other scientific agencies, such as the National Toxicology Program,
that face similar challenges.

The use and incorporation of mechanistic data in systematic reviews in toxicology
continue to be a challenge, not only for EPA but for the systematic review community in general.
The 2014 National Academies report acknowledged the problematic use of various kinds of
mechanistic data, specifically where in the process it should be incorporated and how to do so
systematically. The 2014 report noted that solid conclusions about causality can be drawn
without mechanistic information, for example, when there is strong and consistent evidence from
animal or epidemiology studies, suggesting that mechanistic types of data are not necessarily
needed in the integration step in order to make a judgment of the evidence.

CRITIQUE OF METHODS FOR EVIDENCE INTEGRATION

There are many strengths to Chapter 11 of the handbook as it is written now. Although
the organization of this chapter has some issues, the approaches to strength of evidence
judgments are very detailed and well described, and are likely to add to the transparency and
consistency of the IRIS process for developing assessments. Chapter 11 also indicates it is
preferable that at least two reviewers form evidence integration judgments independently.
Involving multiple reviewers is an important feature of a systematic review, although it is
unclear whether the reviewers remain the same throughout the review.

A tremendous amount of work has been done to improve evidence integration in risk
assessment. However, there are still issues in the handbook that need to be addressed. The terms
“synthesis,” “integration,” and “strength of the evidence” appear to be used almost
interchangeably, when in fact these should be distinct steps in the systematic review process. As
previously discussed, Chapter 11 overlaps somewhat with Chapter 9, and yet the chapters show
inconsistencies in the considerations for evidence synthesis within a stream without a clear
discussion as to the difference. For instance, Chapter 9 (Table 9-1 “Important considerations for
evidence syntheses”, p. 9-3) lists study confidence, consistency, strength (effect magnitude) and
precision, biological gradient/dose-response, coherence, mechanistic evidence related to
biological plausibility, and natural experiments. However, Chapter 11 (Table 11-2
“Considerations that inform evaluations and judgments of the strength of the evidence”, p. 11-
10) lists risk of bias/sensitivity, consistency, strength (effect magnitude) and precision, biological
gradient/dose-response, coherence, and mechanistic evidence related to biological plausibility.
While most of the terms are the same, the terms “study confidence,” “natural experiments,” “risk
of bias,” and “sensitivity” only appear in one or the other tables.

The handbook’s discussion of supporting studies, including those providing mechanistic
data, does not indicate a clear role throughout the assessment, particularly during the evidence
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integration step. Mechanistic data appear to be used to support the strength of evidence
conclusions of the individual data streams or when there is a lack of evidence in a single stream,
and yet some aspects of the handbook treat mechanistic data as a separate stream. Table 11-1 of
the handbook (p. 11-5) is an example of how these concepts have been intermingled, as it
includes aspects of strength, synthesis, and the overall inferences across streams. Table 11-2 of
the handbook (p. 11-10), appropriately titled “Considerations that inform evaluations and
judgments of the strength of the evidence,” focuses on evaluating the data streams individually
and therefore does not follow the chapter description of integrating across streams. The steps
outlined in Figure 11-1 of the handbook (p. 11-3) are also unclear, and the figure lacks
information on how multiple evidence conclusions are narrowed down to a single judgment. The
synthesis step is an analysis of “like” studies to form the basis of conclusions; all of these studies
are to have gone through the same study quality evaluation, including risk of bias. The inclusion
of toxicokinetic (TK) data, physiologically based pharmacokinetic (PBPK) models, and
mechanistic data (outside of the precursor or mechanistic endpoints that are included in the
human or animal “effects” studies) requires the use of very different approaches for evaluating
the study and model quality (e.g., EPA’s quality assurance project plan for PBPK models [EPA,
2018]). Furthermore, the role of TK data, PBPK models, and mechanistic data is to answer
questions that arose in the synthesis step. (e.g., If toxicity was seen in the oral gavage study but
not the drinking water study, are the findings consistent or not when accounting for TK
considerations across exposure routes?)

Clarification of the evidence synthesis and integration processes also needs to address
expectations for dose-response, as described in Chapter 12:

Ideally, the hazard synthesis and integration has clarified any important considerations,
including mechanistic understanding, that would indicate the use of particular dose-
response models, including chemical-specific or biologically based models, over more
generic models (see Chapter 13). These considerations also include whether linked health
effects within and between organ systems should be characterized together, as well as
whether there is suitable mechanistic information to support combining related outcomes
or to identify internal dose measures that may differ among outcomes (generally for
animal studies). (EPA, 2020a, p. 12-2, lines 10-16)

While aspects such as linking of multiple health effects or evaluating whether animal
toxicological outcomes are species-specific may be necessary for hazard identification, it is
likely that mechanistic and TK considerations will not be required. When and how to consider
these data (e.g., during synthesis and integration or subsequently) needs to be defined more
broadly so that mechanistic and TK data are not neglected in the assessment process.

As with other chapters in the handbook, consistent use of terminology is critical
throughout Chapter 11. Multiple terms are used both independently and interchangeably,
including “body of evidence,” “evidence stream,” “endpoint,” “outcome,” and “health effect.”
This causes confusion in the terminology surrounding the unit of analysis and makes the
description of the process difficult to interpret and nearly impossible to follow. A terminology
map, such as the example shown in Figure 6-1 below, would help to clarify the types of data
being referred to, how the data move through the process, and where judgments will be applied.
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FIGURE 6-1 Example of a terminology map illustrating units of analysis.

Note: The figure shows the points at which synthesis, integration, and strength of evidence judgments
may occur. In this example, the units of analysis for integration are the endpoint (clinical chemistry) for
the human evidence stream, and the health outcome (liver toxicity) for the animal evidence stream.

EPA asked the committee to consider whether the approaches described in Chapter 11 are
scientifically sound and appropriate for integrating the various types of evidence relevant to
investigating the potential for human health effects from exposure to environmental chemicals.

As described in Chapter S of this report, the handbook is confusing as to the distinction
between evidence synthesis and evidence integration, making it difficult to determine if the
evidence integration process as presented in the handbook is scientifically sound and appropriate.
In particular, there is inconsistency concerning whether the judgment as to a strength of evidence
rating is (1) the direct result of synthesis at the endpoint level (as shown for clinical chemistry in
slide 34 of Thayer [2021]) or (2) the result of synthesizing multiple outcomes (as shown for liver
clinical chemistry and liver histopathology in slide 35, where the individual animal outcomes
were synthesized separately and then given a single judgment). The addition of mechanistic
evidence as a separate stream (Table 11-1 of the handbook (p. 11-5)) and as factors that may
increase or decrease certainty in the animal and human streams (Thayer, 2021, slide 35)
compounds the difficulty in interpreting this chapter.

In addition, EPA asked the committee to comment on approaches using five categories
versus three categories for drawing evidence integration conclusions. The agency also asked
which approach is recommended and why, and whether any specific refinements are needed.

Table 11-5 of the handbook (p. 11-22) presents five categories of evidence integration
judgments for characterizing potential human health hazards regarding environmental exposure
to a chemical:
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Evidence demonstrates that [chemical] causes [health effect].

Evidence indicates that [chemical] likely causes [health effect].

Evidence suggests that [chemical] may cause [health effect].

Evidence is inadequate to assess whether [chemical] may cause [health effect].
Strong evidence supports no effect.

The IRIS program included a three-category approach for evidence integration in several
systematic review protocols proposed in EPA (2019a,b) and EPA (2020c):

e Sufficient evidence for hazard.
s [nsufficient evidence.
e Sufficient evidence to judge that a hazard is unlikely.

There are potential advantages to either set of categories. For example, five categories would
align the approach for noncancer judgments with the 2005 cancer guidelines (EPA, 2005), while
three categories might reduce variation in judgments for different health outcomes and endpoints
considered for a particular chemical and may make the process simpler to implement. However,
the committee sees no strong scientific rationale for favoring one approach over the other. The
committee has determined that a comparative assessment of the various factors related to using
each framework in an IRIS assessment context and recommending one of them are important
activities, but are outside of the committee’s task of reviewing the handbook.

FINDINGS AND RECOMMENDATIONS

Finding: Chapter 11 of the handbook contains information on three sequential but independent
steps in a typical systematic review process: synthesizing the evidence (units of analysis within
human and animal streams), rating the confidence in the body of the evidence, and integrating
the evidence (integrating human and animal evidence and considering mechanistic evidence).

Recommendation 6.1: The handbook should separate and delineate the chapters with
respect to evidence synthesis within a stream and evidence integration across data
streams (see Recommendation 5.1). Synthesis, integration, and the judgments that are
used to rate the evidence need to be clearly defined, distinct steps. [Tier 1]

Finding: The process outlined in Chapter 11 of the handbook remains unclear, with ambiguous
language and a lack of stepwise instructions adding to the confusion. The process was more
clearly described in Thayer (2021).

Recommendation 6.2: EPA should supplement Chapter 11 of the handbook with
additional figures and examples from other IRIS assessment documents. The addition of
a terminology map (endpoint, outcome, synthesis, integration) would help define the
steps that should occur at each level and, more specifically, what data are to be
synthesized and where to expect the judgment narratives to be provided. [Tier /]

Finding: The role of mechanistic data discussed in Chapter 11 (i.e., whether they are their own
stream or simply used to support the human and animal streams) remains unclear. As noted by
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the committee in Chapter 2, there may be multiple roles for mechanistic data in an IRIS
assessment. While many of these are described in Chapter 11 of the handbook, it is not clear as
to which of these roles constitute a separate stream (as shown in Table 11-1, p. 11-5) and which
are simply used to support the human and/or animal streams (as described in Section 11.1 and
Table 11-2 (p. 11-10) of the handbook.

Recommendation 6.3: The handbook should clearly define the roles of mechanistic data
and other supporting data in evidence integration and throughout the entire IRIS

assessment development process (see Recommendations 3.9, 3.10, and 5.4). [Tier 1]

No Tier 2 or Tier 3 recommendations were presented in this chapter.
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7

Hazard Considerations and Study Selection
for Deriving Toxicity Values

In this chapter, the committee reviews Chapter 12 “Hazard Considerations and Study
Selection for Deriving Toxicity Values” and Chapter 13 “Derivation of Toxicity Values” of the
ORD Staff Handbook for Developing IRIS Assessments (the handbook) (EPA, 2020a). The
committee considered whether those handbook chapters provide appropriate considerations for
identifying data sets for dose-response analysis based on systematic review conclusions. The
committee also considered whether the basic methods for dose-response modeling and deriving
toxicity values are consistent with the state of the science and are presented in the handbook with
sufficient clarity (Question 8 in Appendix B.)

OVERVIEW OF THE HANDBOOK’S CHAPTERS 12 AND 13

Chapter 12 of the handbook summarizes the considerations and approaches involved in
arriving at hazard judgments to set priorities among health outcomes and select the studies to be
used for toxicity value derivation. That chapter also outlines considerations to be used for study
selection and information for combining dose-response data.

Chapter 13 discusses the processes used to derive various toxicity values, referencing
additional U.S. Environmental Protection Agency (EPA) guidance documents as needed. The
chapter also includes directions for characterizing sources of uncertainty and confidence in the
derived toxicity values.

RESPONSIVENESS TO PREVIOUS NATIONAL ACADEMIES REPORTS

Previous reviews by the National Academies commented heavily on the processes used
for selecting studies, and the current handbook attempted to address these concerns. The
National Academies report Review of EPA’s Integrated Risk Information System (IRIS) Process
(NRC, 2014) recommended that EPA develop criteria for determining when evidence is
sufficient to derive toxicity values. Pertinent to this recommendation, the handbook states that
“for both cancer and noncancer hazards, preference is given to health effects (or outcomes) and
cancer types with stronger evidence integration conclusions” (EPA, 2020a, p. 12-4). Chapter 11
of the handbook discusses the evidence integration judgments used for noncancer endpoints and
cites EPA’s Guidelines for Carcinogen Risk Assessment (EPA, 2005) to provide additional
information for evaluating carcinogenic evidence.

The 2014 National Academies report also recommended that EPA “continue its shift
toward the use of multiple studies rather than single studies for dose-response assessment” by
developing formal methods for combining data from multiple studies (NRC, 2014, p. 129). The
handbook includes a section that provides additional considerations and methods for evaluating
and combining dose-response data from multiple studies as an alternate approach to using data
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from a single study. The 2018 National Academies report Progress Toward Transforming the
Integrated Risk Information System (IRIS) Program: A 2018 Evaluation cautioned that “care
must be taken when combining results within or between studies in developing dose-response
relationships inasmuch as multiple mechanisms, each with its own potential dose-response
relationship, might be involved” (NASEM, 2018, p.11). As indicated in Chapter 13 of the
handbook, methods for the derivation of toxicity values are detailed in several historical
guidance documents and are largely limited to those previous documents. The 2014 National
Academies report recommended that EPA develop IRIS-specific guidelines for communicating
uncertainty, and, in response, Chapter 13 of the handbook includes a section on characterizing
uncertainty and communicating confidence in the derived toxicity values.

CRITIQUE OF METHODS FOR STUDY SELECTION AND
DERIVING TOXICITY VALUES

Chapters 12 and 13 of the handbook focus on steps to be taken after systematic review,
specifically the processes by which studies are selected and toxicity values are derived, and
many aspects of sections in those chapters positively add to the overall assessment process.
Chapter 12 aims to standardize the selection of studies for toxicity value development by
providing considerations and case-specific recommendations. Chapter 13 addresses development
of toxicity values, with most of the sections referring to other EPA guidance documents. Several
aspects of both Chapters 12 and 13 would benefit from clarification. Overall, although
improvements are evident, the level of detail in these chapters is not sufficient to provide a step-
by-step guide for those involved in developing IRIS assessments.

The committee considered whether the handbook provides appropriate considerations for
identifying data sets for dose-response analysis based on systematic review conclusions. The
methods described to select studies, although not always completely clear, generally align with
recommendations from previous National Academies reports. For instance, the handbook
indicates that, in general, toxicity values are developed when available evidence is judged either
to “demonstrate” or “indicate (likely)” that a chemical causes a health effect in humans under
relevant exposure circumstances. However, the handbook is not clear as to which judgments
would have been made during hazard identification and which are to be made at this point in the
assessment process. For instance, while strength of evidence is mentioned in the introduction of
Section 12.2 of the handbook, there is no discussion of #ow the strength of evidence conclusions,
or the considerations that went into drawing those conclusions, affects the selection of endpoints
or studies. Additionally, some of the criteria that are described in Chapter 12 as additional factors
in study selection, such as “relevance of the test species,” “relevance of the studied exposure to
human environmental exposures,” and “quality of measurements of exposure and outcomes,”
would have already been considered in either the synthesis or individual study evaluations.
Because the handbook does not clearly distinguish between evaluations made as part of hazard
identification and considerations specific to toxicity value derivation, an analyst may be led to
repeat evaluations made earlier in the assessment process.

Chapter 12 also lacks clarity on how studies should be selected for toxicity values
development. The process of study selection is likely to vary on a case-by-case basis, and
Chapter 12 does attempt to describe the possibilities that may arise. As judgment is used to select
these studies, detailed information will need to be provided in the individual IRIS assessments in
order for the process to remain transparent. The handbook states that high-quality or medium-

70 Prepublication Copy

ED_013283_00000680-00084



Hazard Considerations and Study Selection for Deriving Toxicity Values

quality studies will be used primarily for toxicity value derivation, and yet qualifications indicate
that low-quality studies may also be important, without details on when this may apply. Similar
to the previous chapters, Chapter 12 is unclear as to how mechanistic data and other supporting
studies should be used, or how this information should be incorporated into the assessment
process. The chapter suggests that summary tables be used to document study selection and
graphical comparisons be used for toxicity value selection, but no examples are provided,
leaving the design up to those conducting an IRIS assessment. Specific studies are described that
should not be taken through the assessment, such as non-relevant routes of exposure (excluded in
PECO) and studies that do not support point of departure (POD) derivation.

Key questions about how the study selection process incorporates (1) the results of the
systematic reviews that support the overall hazard conclusions and (2) additional factors not
previously considered in hazard identification include the following:

e What evidence streams are eligible to be selected? The handbook does not address
whether a minimum “summary strength of evidence judgment” (e.g., of at least
“moderate”) is generally required for studies within an evidence stream to be
considered.

e Which endpoints within an evidence stream are eligible? The handbook does not
address how the factors that increase/decrease certainty in the evidence (see Table 11-
1 in the handbook (p. 11-5)) are incorporated into the study selection process.

e [Which individual studies that are relevant to a selected endpoint are eligible?
Although the handbook states that studies of “high or medium” confidence are
preferred, it does not address how the ratings within each domain of study evaluation
are incorporated into study selection.

e [Vhat additional study characteristics are to be considered that are specific to toxicity
value derivation? The handbook describes numerous attributes in Table 12-2 (p. 12-
6) that are used to evaluate studies for toxicity value derivation, but some of these
(e.g., “measurement of exposure”) may overlap with risk of bias or adequacy of
reporting that may have been addressed earlier in the assessment. Removing from this
step those aspects that have been previously evaluated as part of hazard identification
would ensure that they are not “double counted” and that resources could be focused
on toxicity value-specific evaluation criteria.

The handbook in many places describes what is “preferred”; however, it is not clear whether and
how these attributes are tracked and integrated into confidence ratings or rankings of the
resulting toxicity values. A summary table or evaluation for each study alongside these
attributions would provide transparency and a basis for selection of overall toxicity values.

The committee also considered whether the basic methods for dose-response modeling
and deriving toxicity values are consistent with the state of the science and presented with
sufficient clarity. In Chapter 13, most of the sections appropriately refer to other EPA guidance
documents, but the process of developing a toxicity value is not easy to follow. For toxicity value
development, the methods are based on historical guidance documents and generally have not
been updated in this handbook. The primary reference in the handbook for noncancer toxicity
values, 4 Review of the Reference Dose and Reference Concentration Processes (EPA, 2002), is
not actually a guidance document but a technical review of the (historical) IRIS process for
developing reference concentrations (RfCs) and reference doses (RfDs). The technical panel
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tasked with preparing that review was created in 1999, and the report specifically states that it “is
a review, not guidance, but it does make recommendations that should be considered in the
implementation of changes in the current process and/or development of needed guidance”
(EPA, 2002, p. xiii). Although methods for evaluating multiple endpoints and combining
multiple studies are provided, it is unclear how multiple values should be used to develop a final
toxicity value, which may add to the length and complexity of some assessments. Chapter 13
would better serve users engaged in the derivation of toxicity values by citing EPA documents or
other published literature that describe details of the extensive methods involved, rather than
repeating the details provided in those other documents. When the handbook addresses a concept
or method being updated or that is not covered elsewhere, it would need to provide enough detail
for guiding a user’s implementation of the approach.

Section 13.2 is confusing because it contains highly varied levels of detail and the
ordering of information is hard to follow. For instance, there is a substantial amount of detail on
physiologically based pharmacokinetic (PBPK) modeling and exposure route-to-route
extrapolation, even though these are not routinely applied or available. Much of the detailed
discussion in the chapter of procedures and approaches for those topics involving
pharmacokinetic modeling could be streamlined by citing other comprehensive documents or
published articles, or moving detailed discussion to an appendix.

The handbook is unclear concerning the use of probabilistic approaches for toxicity value
derivation, instead of the traditional approach based on deterministic uncertainty factors. (See
NRC (1994, 2009) for a discussion of the two kinds of approaches.) EPA stated that these
probabilistic approaches would be routinely applied when feasible, but the handbook only makes
a cursory and oblique reference to them (Thayer, 2021). The committee endorses the
recommendations from previous National Academies report (NRC, 2014) for the IRIS program
to transition away from using traditional deterministic approaches for deriving reference values
and instead use probabilistic methods to derive risk-specific values. Since the 2014 National
Academies report, several publications have further refined probabilistic approaches (e.g., Chiu
and Slob, 2015; WHO & IPCS, 2018) and demonstrated their feasibility both for oral exposures
(Chiu et al., 2018) and a case example for acrolein inhalation exposures (Blessinger et al., 2020).

FINDINGS AND RECOMMENDATIONS
Findings and Tier 1 Recommendations

Finding: Chapter 12 of the handbook lacks clarity about how the study selection process
incorporates (1) the results of the systematic reviews that support the overall hazard conclusions
and (2) additional factors not previously considered in hazard identification. Key questions
include the following:

« What evidence streams are eligible to be selected?

e  Which endpoints within an evidence stream are eligible?

o  Which individual studies that are relevant to a selected endpoint are eligible?

« What additional study characteristics are to be considered that are specific to toxicity
value derivation?
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Because the handbook does not clearly distinguish between evaluations made as part of hazard
identification and considerations specific to toxicity value derivation, an analyst may be led to
repeat evaluations made earlier in the assessment process.

Recommendation 7.1: The handbook should provide a clearer, step-by-step description
of study selection, using a framework incorporating the different steps of hazard
identification (including study evaluation, synthesis, and integration) as well as new steps
specific to toxicity value derivation. The handbook should provide a template for how
IRIS assessments are to summarize (€.g., in a table) the study selection process as applied
to each endpoint, health outcome, study, and evidence stream in order to provide
transparency as to study evaluation for toxicity value derivation, and to support selection
of overall toxicity values. It is especially important to capture study attributes for which
EPA has designated an option as “preferred” versus “less preferred.” [Tier 1]

Finding: Chapter 13 provides important information relating to issues and considerations for
deriving PODs for toxicity values, but it lacks a consistent level of detail for deriving and
utilizing PODs. Most of the sections appropriately refer to other EPA guidance documents but
sometimes the sections unnecessarily repeat information from those documents, rather than focus
on new information to facilitate implementation of frequently used methods. There is a
substantial amount of detail on PBPK modeling and route-to-route extrapolation, even though
these are not routinely applied or available.

Recommendation 7.2: EPA should streamline Chapter 13 of the handbook, especially
Section 13.2, to focus on the most common methods and approaches rather than detailing
less common scenarios. For instance, although use of PBPK modeling is designated as
“preferred,” it requires too much detail in this handbook to provide instructions on
development and application of such models; citing other documents is preferable. If
there is important information that 1s missing from existing EPA documents or from the
peer-reviewed literature, these could be provided in an appendix to avoid disrupting the
flow of the handbook. Additionally, there may be concerns over providing duplicated
information, as any future updates to the related EPA documents would require an update
to the handbook as well. [Tier 1]

Finding: The handbook is unclear as to the use of probabilistic approaches to replace the
traditional deterministic uncertainty factor-based approach for toxicity value derivation.

Recommendation 7.3: EPA should make it explicit in the handbook that probabilistic
approaches to derive risk-specific doses will be routinely applied where feasible,
referencing recent literature including a 2020 case study on acrolein (Blessinger et al.,
2020. EPA should also consider when and how to transition fully away from the
traditional deterministic approach to adopt risk-specific doses for its IRIS toxicity values.
[Tier 1]

There are no Tier 2 recommendations in this chapter.
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Finding and Tier 3 Recommendation
Finding: Chapter 13 of the handbook is primarily a reference chapter that directs users to
various historical EPA guidance documents for deriving toxicity values, most of which have not
been updated to reflect the most recently used procedures. The IRIS program and its handbook
would benefit from being able to refer to updated EPA guidance.

Recommendation 7.4: EPA should consider updating existing EPA guidance documents,
notably those used in the development of oral RfDs and inhalation RfCs. [Tier 3/
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Health at Dell Medical School. Prior to joining the University of Texas, he was faculty in the
Department of Biostatistics at the Harvard T.H. Chan School of Public Health. Dr. Zigler’s
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2020 IRIS Handbook Organization and Contents and EPA
Questions to the Committee

2020 HANDBOOK ORGANIZATION AND CONTENTS”

Assessment Development Stage Chapter Summary Description

Scoping 1 Defines the parameters of the assessment based on EPA
needs.

Problem formulation and IRIS 2 Describes health effects of potential interest and key science

assessment plan (JAP) development issues.

Systematic review protocol 3 Systematic review procedures for populations, exposures,

comparators, and outcomes (PECO) criteria; literature
identification; study evaluation; and data extraction.

Literature search, screening, and 4 Describes methods for performing comprehensive literature

mnventory search(es). Uses PECO criteria to identify relevant human
and animal health effect studies. Identifies absorption,
distribution, metabolism, and excretion (ADME) studies;
models; and mechanistic information. Categorizes studies
(e.g., by study type, health effect) and extracts cursory
information to allow for organization by study
design/mechanism.

Refined evaluation plan 5 Describes process for deciding whether and how to prioritize
and group sets of related endpoints into health effect
categories for review, focusing on those most likely to
inform hazard identification.

Study evaluation 6 Describes study evaluation methods for individual human
and animal health effect studies, pharmacokinetic models,
and an approach for mechanistic studies. Study evaluation
includes consideration of reporting quality, risk of bias, and
sensitivity.

Organize hazard review 7 Discusses approaches to finalize the utility and organization
of health effect categories and studies for hazard
identification. These decisions are informed by study
evaluation, toxicokinetic, and consideration of mechanistic

information.

Data extraction and display 8 Presents types of key health effect study information to
collect in a database and examples of graphical and tabular
displays.

Evidence synthesis 9 Discusses considerations and approaches to analyze results

e Human and animal studies incorporating the strengths and limitations of the sets of

health effect studies of exposed humans (controlled exposure
or epidemiology) and animal toxicology experiments by
health effect or other grouping.
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¢ Mechanistic information 10 Presents a process to conduct focused, step-wise analyses of
the most relevant mechanistic evidence and summarize
results by health effect or other grouping based on the
unique needs of the assessment (e.g., key science 1ssues) and
considerations that arise from analyzing the human and
animal evidence (e.g., questions of biological plausibility or
human relevance).

Evidence integration 11 Describes the contents of the evidence integration narrative
for hazard identification and a framework to determine
overall summary conclusions.

Hazard considerations and study 12 Describes the selection process to determine the most

selection for deriving toxicity values mformative studies and outcomes for dose-response analysis
based on study confidence and other considerations
mcluding hazard judgments and susceptibility.

Derive toxicity values 13 Describes dose-response modeling and methods to develop a
quantitative estimate for each hazard of concern (cancer and
noncancer). This includes the consideration of uncertainty
and susceptibility and description of confidence in the
estimates.

“https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=350086. Under “Downloads,” see “Draft Charge
Questions for Reviewers.”

QUESTIONS FROM EPA TO THE COMMITTEE

Peer review advice on the following charge questions will be most useful when prioritized to
indicate its relative importance during revision:

o Tier 1: Recommended Revisions—Highest priority recommendations the committee
believes are critical to improve the scientific rigor and/or clarity of the document.

s Tier 2: Suggestions—Recommendations that EPA should consider to strengthen the
document.

o Tier 3: Future Considerations—Topic areas that may inform future developments.
These recommendations are outside the immediate scope and/or needs of the
current document under review.

Please comment on each question below, elaborating on the rationale and scientific evidence
relating to each comment, and do not limit comments to “yes” or “no.” For Tier 1 and Tier 2
recommendations, please provide specific revisions or alternatives to improve the clarity of the
presentation and increase the scientific rigor of the approach.

1. Please comment on the overall organization of the handbook, in particular on
whether the key aspects of the assessment process are represented.

2. Are the systematic review approaches used by the IRIS Program (outlined in Chapters
1-5) clearly described and consistent with methodologies considered to be state of the
science by experts in the field?
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3. Are the study evaluation methods in Chapter 6 for individual human studies
(epidemiology and controlled exposure), animal studies, mechanistic evidence
(pilot testing approaches), and pharmacokinetic models adequate; if not, how can
they be improved (Chapter 6)?

4. Given the broad questions considered in IRIS assessments (typically necessitating
multiple systematic reviews and dose-response analyses to address different health
effects, exposure scenarios, and potential susceptible populations or life stages), the
handbook outlines approaches for refinement of the scope and analyses in the
assessment. This relates to multiple stages of assessment development, primarily
problem formulation (Chapters 2), inventorying the literature (Chapter 4), refinement
of the evaluation plan (Chapter 5), and organizing the hazard review (Chapter 7).
These processes are used to inform a variety of subsequent assessment decisions, such
as which health outcomes to focus on during the hazard review, how to approach the
evaluation of mechanistic evidence, and identifying scientific complexities related to
application of pharmacokinetic models or dose-response analysis. Does the handbook
clearly lay out a state-of-the-science approach to refinement? Are there specific areas
for improvement (please indicate recommended alternatives)?

5. Sections 2.2, 4.3.3, and 6.6 and Chapter 10 describe the systematic process for
evaluating mechanistic data. Please provide your review and assessment of the
handbook’s process for evaluating and integrating mechanistic data. Are there
specific areas for improvement (please indicate recommended alternatives)?

6. Chapters 9-11 of the handbook outline approaches for applying expert judgment to
synthesize and integrate the available evidence based on considerations related to
conclusions about the likelihood of a biologically plausible causal relationship. Are the
approaches to evidence synthesis described in Chapters 9 and 10 scientifically sound?
Are the considerations sufficiently broad to allow for application to the wide range of
scenarios that will be encountered when applied to individual assessments? Are the
methods sufficiently clear in describing the intent to synthesize the relevant evidence,
incorporating study evaluation conclusions, regardless of the study results? Are the
approaches described in Chapter 11 scientifically sound and appropriate for integrating
the various types of evidence relevant to investigating the potential for human health
effects from exposure to environmental chemicals?

7. Chapter 11 presents five categories for drawing evidence integration conclusions,
which builds upon judgments regarding the available human, animal, and mechanistic
evidence. This approach was previously reviewed by the NAS in NASEM (2018) and
presented in systematic review protocols released for public comment during 2018 and
2019'. More recently, the IRIS Program considered a three-category approach for
evidence integration that was disseminated in systematic review protocols released for

! The IRIS systematic review protocols released for public comment with the five-category approach
included EPA (2018, 2019a,b).
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public comment in 2019 and 2020.? Please comment specifically on which of these
approaches is recommended, why it is recommended, and any specific refinements for
improvement.

8. Chapters 12 and 13 outline considerations and approaches for selecting studies,
specific health effects, and endpoints for dose-response analysis, and for selecting
toxicity values. They also provide an overview of methods for conducting dose-
response modeling and deriving toxicity values based on more detailed, existing
guidance and recommendations. Does the handbook provide appropriate
considerations for identifying data sets for dose-response analysis based on systematic
review conclusions? Are the basic methods for dose-response modeling and deriving
toxicity values consistent with the current state of the science, and presented with
sufficient clarity?
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Appendix C

Open Session Agendas

February 11, 2021
Web Meeting

11:00 AM (EST) Opening Remarks
Lisa Bero, Committee Chair

11:05 IRIS Assessments Prior to the Development of the Current IRIS
Handbook
Jonathan Samet, Colorado School of Public Health
Questions from Committee Members
12:00 PM Opportunity for Public Comment
12:20 End of Public Session

April 16, 2021
Web Meeting

10:00 AM (EDT) Welcome
Lisa Bero, Committee Chair

10:05 Perspectives on EPA’s IRIS Assessment Handbook
Kris Thayer (EPA)
10:50 Committee Discussion with EPA Personnel

Kris Thayer, Xabier Arzuaga, Allen Davis, Laura Dishaw,
Catherine Gibbons, Barbara Glenn, Karen Hogan, Dustin Kapraun,
Andrew Kraft, Elizabeth Radke, Andy Shapiro, George Woodall, and

Erin Yost
11:50 Opportunity for Public Comment
12:50 PM End of Open Session
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